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ABSTRACT 
The quality of any finished project in the construction industry relies mainly on the 
specifications written for that project. The specifications are benchmarks for the 
quality of the project, wl-dch should be referred to during all phases of the project. 
Successful specifications are normally associated with accuracy, clarity, coverage of 
all clauses, precession and the effectiveness of the description of the materials and 
methods of fixing. On the other hand, poor specifications often result in delays in 
handing-over, escalation of prices due to variations, disputes, high penalties, loss of 
trust and compromise in the quality of the finished project 
The construction industry in Bahrain often suffers from poor specifications. In order 
to determine the severity of the problem, a questionnaire survey was undertaken to 
analysis the present standard of specifications used in the construction industry in 
Bahrain. The outcomes of the survey revealed major setbacks in the standard of the 
existing specifications such as inappropriate repetition, excessive conflict, unclear 
and uncompleted clauses with little precession. The majority of respondents called 
for a change in the situation. 
Improvement of quality has become a major challenge faced by the construction 
industry and can involve, reducing cost solving problems of rework, reducing 
maintenance cost and improving the life cycle value of the buildings. Total Quality 
Management has become one of the best solutions to overcome the problems, and 
specification could be used as a gate to introducing TQM to the construction 
industry. Specifications are approach to setting the standard of quality for any 
construction project, and used as a tool to get design and construction teams 
committed to the projects quality standards through all stages of the construction 
process. 
The overall afin of Us thesis is to develop a framework for implementing Total 
Quality Management (TQM) in the construction industry in Bahrain, by developing 
a dynamic specifications model which will help to improve performance in the 
construction industry, improve consultant-client- constructor- supplier chain 
relation, control the budget of the project and reduce disputes, claims and variations 
in the construction industry. The objectives of the research were to: 
" improve the quality standard of specification by avoiding discrepancies 
and achieving clear concise and consistent specifications; 
" develop a software package through the dynamic model to write-up 
specifications, obtain bill of quantities, obtain planning control charts, 
cash flow and budget control charts; and 
" implement TQM to specification by improving communication, 
introduction of teamwork, creating a common culture, maintaining 
continuous improvement and implementing value engineering 
techniques. 
The researdi findings were based upon a literature survey, specification 
questionnaire, total quality management questionnaire and the proposed model 
validation questionnaire. From these, the research produced the following 
addevements. 
" The identification of the present problems in the construction in Bahrah with a 
focus on the problems with the present specifications in use. 
" The study of TQM concept with its relation to the construction industry. 
" Analysis of the information tedmology used in the construction industry. 
" Evaluation and comparison between the common software packages used in the 
construction management. 
The development of a dynamic model "PROMANSYS" to be used by the design 
and construction teams of the quantities, planning control charts, material, 
labour and plant control charts, budget control charts and apply value 
engineering techniques to specifications. 
41 The implementations of TQM to the model through the achievement of 
teamwork, effective communication, creation of culture, continuous 
improvement of the model and the implementation of value engineering 
techniques. 
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CHAPTER ONE 
INTRODUCTION 
CHAPTER ONE 
INTRODUCTION 
1.1 Introduction to subject 
As the world evolves a more global economy, Total Quality Management (TQM) 
has become a necessity for business survival. TQM can be used by construction 
firms to fulfil customers' expectations and requirements, and be competitive. The 
manufacturing industry and other service organisations have already adopted and 
become proficient in TQM and continuous improvement . Design and construction 
teams are expected to participate in the quality process as well. Designers and 
constructors, who can not show a dedication to quality, with an established 
programme for continuous improvement, will not be able to offer the expected 
services to their clients. 
Egan (1998) identified five key drivers of change which are needed to set an 
agenda for the construction industry at large: committed leadership; a focus on the 
customer; integrated process and teams; and quality driven agenda and 
commitment to people. Targeting an annual reduction of ten percent in 
construction cost and construction time, it is also proposed that defects in projects 
should be reduced by twenty percent per year. Prior to Egan Utham (1994) had 
called for a target of thirty percent cost reductions in the delivery of UK 
construction projects. Both the Egan and Latham reports call for an increase in 
client satisfaction, and improvements of product and services provided by the 
organisation. John Bank (1992) stated that, "getting it right first time, zero defects, 
prevention, the internal customer, competitive benchmarking, cost of quality, 
synergy in teamwork, self-management, self-inspection, are all key words and 
phases in the move towards Total Quality Management" 
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The research presented in this thesis focuses on the implementation of TQM in the 
construction industry in Bahrain and the development of a framework for 
implementing TQM by improved specification production and use, through the 
proposed dynamic model, project management system named " PROMANSYS". 
The construction industry in Bahrain suffers from many weaknesses in the: quality 
of the finished building, methods of construction; standard of construction 
specifications used in the industry, number of conflicts and disputes resulting 
every year from construction sites; level of organisations' management available in 
the industry, level of workmanship; and constant search for better modes of 
procuring services within the construction industry. 
The survey results showed a lack of awareness for the purpose of specifications and 
the use of TQM in the construction industry in Bahrain. Level of awareness must be 
raised through authorities technical offices, technical institutions, engineering and 
managerial societies and through the media. To improve the level of quality of 
building in every phase of the construction process of the project until handover to 
client, to full satisfaction. 
Achieving the objectives of the implementation of the framework in this researdi to 
the construction industry in Bahrain should work parallel with the raising of the 
awareness to the importance of specifications and TQM to the construction 
industry as a whole. This can only be achieved by the joint contribution of the 
private and public sectors together through all different channels in the 
construction industry in Bahrain. like any other quality systems results are 
achieved with a certain period in time, for TQM program result usually achieved 
within three to five years in the construction industry organisations. 
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Achieving these targets comes through the implementation of TQM programmes, 
which increase customer satisfaction, producing a tidal wave of goodwill and 
additional business. This in turn encouraged the production of new products and 
services helping to develop a more effective management focused on the right 
priorities and empowering people. TQM improves company morale and 
encourages genuine involvement in dedsion-makin& John Bank (1992). 
John S. Oakland (1995) stated thaý "continuous cost reduction, productivity and 
quality improvement have proved essential for organisations to stay in operation". 
It is not possible to avoid seeing how quality has developed into the most 
important competitive weapon, and many organisations have realised that TQM 
should be the way of managing in the future. TQM is far wider in its application 
than assuring product or service quality, it is a way of managing business processes 
to ensure complete "customer satisfaction" at every stage, internally and 
externally. 
There are many theories, techniques and tools in the concept of TQM, they 
generally have the same aim, which is to improve performance through customer- 
dient-constructor- supplier relationships. 
In order to initiate and implement TQM in the construction industry through 
specifications, the main TQM elements, teamwork, effective communication, 
culture, continuous improvement and value engineering, had to be wen 
implemented in the proposed dynamic model in order to achieve full customer 
satisfaction and requirements, at the lowest internal cost, whilst maximum 
teamwork effort in the organisation. 
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This leads to the definition of TQM described by Dahlgaard, Kristensen and Global 
(1998) in their book "Fundamentals of Total Quality ManagemenC which states 
that TQM can be the culmination of a hierarchy of quality definitions: 
" Quality: is to continuously satisfy customersý expectations. 
" Total Quality: is to achieve quality at iow cost. 
" Total Quality Management (TQM): is to achieve total quality through 
evezybody's participation 
1.2 Research justification 
Lack of TQM 
TQM has never been fully implemented in the construction industry in Bahrain. 
The problems of the present situation in the construction industry in Bahrain 
generate substantial losses in the national economy , due to the poor quality of 
finished buildings, maintenance costs, conflicts and disputes resulting from weak 
specifications, rework and revisions, delayed projects and loss of time and money. 
The current situation calls for immediate action to solve the problems. TQM is the 
best solution to these problems. Specification is the key element, which relates to all 
problems between all parties in the design and construction of the project. 
Developing a framework to implement TQM in the construction industry in 
Bahrain through specification is the aim of this research to improve the 
performance of the construction industry. 
Dependency on specifications 
Webster's Dictionary gives the following definition of the term specifications: 
"Specifications (usually plural) -A written or printed description of work to be 
done, forming part of the Contract and describing qualities of material and mode of 
construction, and also giving dimensions and other information not shown in the 
drawings". 
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Specifications remain as important as ever, they are a fundamental part of all 
contract documentation in whatever they are presented Willis & Willis (1989) The 
quality of a building is defined by the requirements of the owner, within budget 
and time constraints. The functional specification must therefore reflect the quality 
standard needed by the owner and must continue to be useful after the 
construction of the project to include comn-tissioning, operating and maintenance of 
the building through its whole life cycle. The owner thus relies heavily on the 
quality of the specification and its durability. 
Architects 
Architects need the specification to reflect the owner's requirements and to define 
things that cannot be illustrated in the drawings; much information can not be 
shown on the drawings alone. The architects use the specifications to identify the 
type of material to be used, its strength, dimension, quality, source, colour and 
method of fixing. Also, the information developed by the architect assists the owner 
in obtaining prices for the work, executing the contract and administering the 
project as it is built. 
Engineers 
A grading plan for civil engineering works show existing and new elevations and 
levels. Without the specifications, it is not easy to describe the kinds of soil that are 
suitable for backfilling, the depth of the layers of fill, the compaction degrees and 
frequency of tests of the sub grade. Mechanical issues are answered as well. The 
equipment schedule on the drawings will indicate the basic model numbers of air 
conditioning units, but the schedule can not describe that an extra charge of 
refrigerant is to be provided, together with an extra charge of filters or that a brass 
coil is required instead of a galvanised steel one. In the electrical drawing the 
fixture schedule can show the light fixture required but it does not have the colour 
of the fluorescent tubes indicated, or the pattern of the prismatic acrylic lenses. 
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Constructors 
Well-written specifications can be extremely useful to constructors. The 
specifications should provide constructors with the tools and the criteria for 
continually checking their work and sub-constructors' work, and rejecting defective 
or insufficient work long before it comes to the attention of the architect and owner. 
The specifications will also help the general constructor decide which parts of the 
work will be performed by direct labour and which are to be sub-contracted. 
Constructors also depend heavily on the specifications when managing project 
requests for substitutions, methods of submittal procedures for preparation and 
submission of payment requests. These are a few of the administrative processes 
described in detail in the specifications. 
Quantity Surveyors 
Quantity Surveyors need the specifications as their basis for taking-off work, 
which is the main document for their bidding process. Good quantity surveyors 
will judge the quality of specifications by raising any ambiguities or inconsistencies 
in clauses of the specifications and ask for clarifications. The quantity surveyors use 
the specifications to determine the total budget of the project and use it to control 
the cash flow. They also need the specifications to make sure that the bidding is 
done on an equal basis so that everybody is bidding the same way on the same 
thing. 
Aftomeys 
Attorneys become involved with specifications when preparing contracts. Many 
attorneys rely heavily on the specifications and discussions with their clients to 
understand the project. The attorneys need specifications to resolve disputes and 
depend on them as a reference to their legal points. The terminology, punctuation 
and sentence structures all become subject to intense scrutiny in determining what 
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the various parties of the contract documents said, what they meant and how they 
were interpreted. The accuracy, completeness and consistency of the specifications 
thus become critical in solving any disputes. 
Disputes and claims from specifications 
Most specifications do not anticipate problems or solve disputes that may arise 
from the construction process. The specifications must establish lines of 
communications and administrative procedures, and clarify intent of the 
documents to ensure that all parties know what is happening. They must protect 
workers, property and each party's interest They must establish rules for. 
changing; the contract, stopping work in the event of non-performance of either 
party; and correcting defects since these issues are best addressed before problems 
occur. 
In Bahrain, nearly all specifications lack most of these things, therefore, both parties 
who sign it - the owner and the constructor- end up in court to resolve their 
disputes in an expensive and time consuming way. Many cases end up in court 
every year. The specifications used in Bahrain are generally short, brief and do not 
cover all activities taking place on the construction site. Many disputes and 
conflicts arise from inadequate specifications and many high claims arise at the end 
of the project. Chesley and Ayers (1975) categorised disputes into three categories: 
those where the constructor wants to produce less than what is specified; those 
where the owner wants something but not to pay for it, and honest disputes where 
the owner and the customer interpret the same words in a different manner. 
Discrepancies in specifications 
The specifications should be consistent and the terminology used in one place 
should match wherever it occurs. The principles of terminology are described in 
BS3669, but of more practical importance is BS6100: Glossary of Building and Civil 
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Engineering Terms, a detailed specification in six parts covering all sections of 
building and civil engineering construction. Willis and Willis (1989) stated that it is 
important that the specification should be consistent in all parts, though d-ds may 
sometimes be difficult when the drafting is spread over any length of time. It is 
obvious that interpretation of document, confusion is bound to arise if the same 
word or expression is used in different senses in different parts of the document, 
and conversely, if different words or expressions are used with the same meaning. 
Many problems arise from specifications due to discrepancies. The specification 
should be checked carefully during preparation to assure the cross references are 
correct. These things seem to be obvious, but it is amazing how often they occur. 
Specification should not duplicate information shown on the drawings but should 
amplify, explain and qualify that information. In many cases the information 
shown on the drawings conflict with those in the specifications. Also, the 
specification should be dear, concise and consistent with regard to type of material 
made, colour, brand name, method and place of fixing. Clauses that are not dear, 
concise and consistent should be avoided to enhance the smooth progress of the 
project. 
Copying specifications 
Most design offices in Bahrain and goverrunent authorities that are involved in the 
preparation of specifications and contract conditions, copy from other specification 
that have been produced by somebody else earlier. Any mistakes, discrepancies, 
inconsistencies and unclear wording are repeated once again in a new project due 
to the copying of the clauses. The most commonly used specifications, which are 
taken, as standard specifications in Bahrain are the specifications published by the 
Public Works Directorate in the Government of Bahrain but not prepared by them. 
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Out - of - date specifications 
Out-of-date specifications lead to construction disputes, delayed projects and 
unhappy clients. In most cases this happens due to taking a copy of old 
specifications and using it in new jobs with information already ten years old if not 
older. The designer preparing the specifications should endeavour to be at the 
leading edge of industry information. The designers, who are not, will spend a lot 
of time talking to the bidding constructors who would constantly call to obtain 
more information before bidding the project. The out-of-date designer will spend 
time writing an addendum to incorporate the corrections identified by bidders call 
in. They will also spend time on construction disputes that arise out of the 
assumptions bidders made when reading the design documents and many other 
problems. 
Delayed projects due to poor specifications 
Poor specifications will inevitably end up causing delays to the project thus 
creating disputes, penalties and pointing fingers on whom to blame the designer; 
the constructor; or the client The client will be the one who suffers more in the long 
term since he could be facing great financial risk due to arranged commitments 
with banks or other financial establishments and could end-up making a finandal 
loss or even be able to complete the project There could also be other arrangements 
such as signing a contract of lease to another party, who is committed through 
other channels, if the building is not handed over to the client on the agreed date. 
Over-budgeted project due to poor specifications 
poor specifications, unclear, inconsistent and out-of-date specifications will raise 
the project's budget to a limit that might result in a dissatisfied client He might be 
faced with a budget that he can not meet or arrange due to the accelerated prices or 
variations in the construction process. The project will stop, all parties will end up 
in court, arbitration will take place, time will be consumed, money will be wasted 
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in legal procedures, wWch is not wanted and desired by any of the agreed parties 
in the contract. The only people who will benefit from dils are the lawyers who 
make good money from poor specifications and for them this is a source of income. 
Specifications lacking team co-ordination and partnering 
Specifications are usually only prepared by the designer of the project, who may 
not trouble himself writing specific specifications for the job in hand and might 
take an easy short-cut by copying the specifications of the last project which may be 
similar in its features. By doing this, the designer deletes the contributions of other 
design team members. Thus, no team work management is implemented, as the 
electrical engineer, mechanical engineer, planning engineer, structural engineer, 
material engineer, plants engineer, quantity surveyors and value engineer are not 
involved. All of who should put their thoughts and effort jointly to have a well co- 
ordinated work in every aspect of the job. With good communicatioM clear, 
concise and consistent specifications should be written without any discrepancies 
or duplications in the information. Therefore, the team will have some value of 
thoughts and goals for the project creating a common culture at work. 
The need for continuous improvements towards master specifications 
Specifications without continuous improvements are like a door hinge without 
movement which will end up jammed corroded and ineffective. The more the 
specifications are regularly improved, the fewer problems will arise from them. 
This is not the case in reality, where every designer takes specifications from 
previous projects, copies specifications, uses out-of-date specifications and never 
up dates himself with the latest industry information. The use of electronic 
information sources nowadays, for example the Internet, could make it much easier 
to improve and be updated with the latest information in every field of the 
construction industry. With the introduction of knowledge management as an 
engine built into the specifications to learn from past experience to resolve any 
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future problems or unforeseen disputes in any construction job. All these steps 
definitely lead to master specifications, which are useful to everybody in the 
construction industry, accessibIe and can be referred to at any time. 
The role of Value Engineering in specifications 
Many projects have been designed, executed and operated without the interference 
of the value engineer. The value engineer can save large amounts of money and a 
lot of time by going through the design drawings and the specifications, by 
suggesting alternative materials with better workability, durability and longer life 
cycle and by suggesting new layouts and designs for better utilisation of the land to 
be developed and easy future maintenance. Therefore, the role of the value 
engineer in the preparation stage of specifications is very important to advise of 
any changes in material selections, method of fixing, operating and maintenance. 
To achieve the clienes goals and objectives with regard to quality, budget, time and 
life cycle. Specifications detailed the required function and form. The function is 
represented by structural strength and durability. Form deals with appearance and 
can be subjectives depending upon the views of various parties in the project The 
specifications are part of the communication process with the client, and must 
ensure that the client gets what he is expecting. The value engineer must play a role 
within the work team preparing the specifications. There will be a great difference 
between the value engineer being in the team or out of it 
1.3 Research philosophy 
The research philosophy in this thesis is summarised as follow. 
1. The identification of the present problems in the construction in Bahrain, with a 
focus on the problems with the present specifications in use. 
Z The study of TQM concept with its relation to the construction industry. 
3. Analysis of the information tectmology used in the construction industry. 
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4. Evaluation and comparison between the common software packages used in the 
constiuction management. 
5. The development of a dynamic model "PROMANSYS" to be used by the design 
and construction teams of the quantities, planning control charts, material, 
labour and plant control charts, budget control charts and apply value 
engineering techniques to specifications. 
6. The implementations of TQM to the model through the achievement of 
teamwork, effective communication, creation of culture, continuous 
improvement of the model and the implementation of value engineering 
techniques. 
Main problems with specification in Bahrain 
" Use of old specifications from finished projects for the new projects. 
" Use out-of-date specifications. 
" Conflict in specifications clauses. 
* Most of the specifications are not consistent, unclear and unconsise. 
Most of the designers preparing the specifications are not up-to-date with 
the latest construction products and industry information. 
The main reason for these problems as follow. 
" No authority or body taking the responsibility of preparing master 
specification to suit the requirement of the construction industry in Bahrain. 
" 'Lack of awareness to the purpose of specifications. 
" In experienced designers preparing the specifications. 
" Laziness in preparing new specifications to completely suit the new project 
in hand. Therefore coping of old, out-of-date and inadequate specification 
becomes the solution. 
e Lack of teamwork spirit proper communication and culture in the 
construction industxy 
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1.4 Aim and objectives 
Aim 
Develop a framework to implementing TQM in the construction industry in 
Bahrain, by developing a dynamic specification's model which will help to improve 
performance in the construction industry, improve consultant-client-contractor- 
supplier chain relationsl-dps, control the budget of the project and reduce disputes, 
claims and variations in the construction industry. 
Objectives 
1. Analyse the current status of the construction industry in Bahrain. 
Z The study of TQM concept with its relation to the construction industry. 
3. Analysis and use of information tedmology in the construction industry. 
4. Analysis and improvement of the construction specifications used in Bahrain 
to avoid discrepancies and ad-deve dear, concise and consistent 
specification. 
5. Overview of the application of different software packages in the 
construction management. 
6. Developing a dynamic model for writing-up spedfications to be used by the 
design and construction team of the project and produces: bill of quantities; 
planning control charts; material control charts; budget control charts and 
applying value engineering tedmiques. 
7. The implementation of TQM to the construction specifications using the 
proposed dynamic model. 
1.5 Organisation of the thesis 
This thesis contains eleven chapters. The schernatic guide to the thesis layout is 
illustrated in Figure (1.1). A brief description of each chapter is presented below to 
surnmarise the thesis. 
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Chapter one provides an introduction to the subject of the thesis, research 
justification and philosophy. Aims and objectives of the research, summary of main 
findings and organisation of the thesis are also presented. 
Chapter two discusses the research methodology adopted for this research, method 
of analysing the problems of the construction industry in Bahrain and 
specifications, and formulation of the objectives of the research. The research 
design, strategy and phases are discussed and explained. The three main phases are 
the literature review, data collection and the analysis of the survey responses 
discussed. 
Chapter three focuses on the construction industry in Bahrain with an analysis of 
the design stage, specification problems, supervision, constructors, suppliers, 
workmanship, and material quality and quality control problems at the present 
time with a discussion on the quality of the buildings in Bahrain, the defects and 
the causes of the defects. This chapter also discusses the barriers to the 
implementation of total quality management in the construction industry in 
Bahrain. 
Chapter four explains the evolution of TQM with time, the TQM gurus who have 
contributed to the training and practice the quality improvement The chapter 
describes the meaning, principles, tools, and techniques of TQM and discusses the 
recent research and developments in the quality of construction industry. Adam's 
six sigmas, meaning, objectives, principles, and their relation to TQM are discussed 
at the end of the chapter. 
Chapter five analysis the different traditional documentation in the construction 
industry such as specification, drawings, contract conditions, bin of quantity, 
tender document and agreements. Also discussed are the modem information 
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tedinology systems that are used in the construction industry both as software and 
hardware 
Chapter six analyses the general practice in specification writing in Bahrain, the 
source of specification, and the problems arising from the present situation in 
Bahrain. It discusses the need for an improved specification in the construction 
industry in Bahrain. 
Chapter seven describes the importance of the different software packages in the 
industry as a tool of information technology. A list of all the software packages that 
are most frequently used in the construction industry are provided with a 
description of their advantages and disadvantages in relation to Total Quality 
Management and the proposed dynamic model in this research. 
Chapter eight presents the survey questionnaire which is comprising of two 
sections: section one is the specification questionnaire and section two is the TQM 
questionnaire. The questions and responses are presented in the form of pie charts, 
the analysis, discussions and results of the two sections of the questionnaire are 
also described in this chapter. 
Chapter nine describes the project management system (PROMANSYS) as a 
specification based software package Ih-ddng other tools of planning, cash flow, bill 
of quantities, reports and charts. PROMANSYS functional flow and data hierarchy 
is discussed, with the advantages of the software and hardware requirements. 
"PROMANSYS" is proposed in this research as an information system, a discussion 
with Us regard is provided in this chapter. All the PROUNNSYS screens with 
descriptions, the case study project drawing and sample of printouts are provided. 
The model validation questionnaire is analysed, discussed and results are also 
given in d-ds chapter. 
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Chapter ten presents thorough discussion of the implementation of TQM to the 
dynamic model is given in this chapter. The elements of Total Quality Management 
such as teamwork, creation of a culture, improving communication, implementing 
value engineering and continuous improvements are all explained as general 
concepts. The inclusion of TQM within the proposed dynamic model, 
"PROMANSYS" is also discussed. 
Chapter eleven presents the conclusion of the research and the main 
recommendations for further research. 
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1.6 Summary of main findings 
The improvement of quality has become an everlasting challenge faced by the 
construction industry to improve performance, reduce cost, solve problems of 
rework, reduce maintenance cost and improve the life cycle of the buildings. TQM 
system has become one of the best solutions to overcome the problems. 
Specifications can be used as a gate for introducing TQM to the construction 
industry, since specifications are the basis for the standard of quality for any project 
in the construction industry, and are used as a tool to get design and construction 
teams committed through all stages of the construction process. The main 
achievements of this research include the following. 
1. The identification of the present problems in the construction in Bahrain, 
with a focus on the problems with the present specifications in use. 
2. The study of TQM concept with its relation to the construction industry. 
3. Analysis of the information technology used in the construction industry. 
4. Evaluation and comparison between the common software packages used in 
the construction management. 
5. The development of a dynamic model "PROMANSYS" to be used by the 
design and construction teams of the quantities, planning control charts, 
material, labour and plant control charts, budget control charts and apply 
value engineering techniques to specifications. 
6. The implementations of TQM to the model through the achievement of 
teamwork, effective communication, creation of culture, continuous 
improvement of the model and the implementation of value engineering 
techniques. 
The introduction of a TQM framework in the construction industry in Bahrah by 
the development of a dynamic specification model, has improved many important 
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TQM elements in the construction industry. These elements are identified as 
follows. 
1. Effective improvement of teamwork, especially at the specification writing 
stage of the project. 
Z Improving communication at the pre-contract and post-contract stages of the 
project. 
3. Introducing an effective method to create a culture to the design and 
construction team members. 
4. The introduction of an effective method to continuously improve the quality 
standard of the project. 
5. The introduction of value engineering techniques at the specification writing 
stage of the project. 
The technique of specification writing in the proposed dynamic model named 
"PROMANSYS" combines many tasks together in one software package. These 
tasks include bill of quantity, preparation of specifications manually, preparation of 
planning control charts, material control charts, labour control charts, plant control 
charts and budget control charts. 
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CHAPTER TWO 
RESEARCH DESIGN AND METHODOLOGY 
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CHAPTER TWO 
RESEARCH DESIGN AND METHODOLOGY 
2.1 Introduction 
This chapter discusses the research design and methodology. The steps of a 
scientific method of research are highlighted. The methodology of this research is 
based on these steps where the research problems are defined through a 
preliminary literature review. The identified problems led to formulate the research 
objectives. They are: analysing the construction industry in Bahrain to identify the 
problems of specification; developing a framework for TQM in the construction 
industry in Bahrain by developing a dynamic specification model; and 
implementing TQM to specification to improve the performance of the construction 
industry in Bahrain. 
Various research strategies are highlighted and the strategy adopted for this 
research is rationalised. To meet the research objectives, this research was 
undertaken in three phases. Phase One was the literature review which 
investigated: various issues relating to the concept of TQM; the present status of 
the construction industry in Bahrain; and the problems of specifications in the 
construction industry in Bahrain; Phase Two was data collection. The two primary 
methods of data collection used in this research are discussed in detail, the 
techniques of plannin& designing and executing the mailed questionnaire are also 
discussed. Phase 'nuee was the analysis of survey responses where the main 
problem with postal surveys was highlighted and the response rate of the 
questionnaire is analysed and discussed. 
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Phase Four: development of a dynamic model. The main objective of developing 
the dynamic model is to use it as a framework to implement TQM to the 
construction industry in Bahrain, through specification writing technique. With the 
introduction of other functions and features to the model, such as Bill of Quantity, 
planning charts, budget control charts, material, labour and plant charts and the 
implementation of value engineering technique. 
2.2 Research design and objectives 
The guiding principle for developing any research methodology is that it must 
completely address the research questions identified Black (1993). The need for an 
appropriate research design arises whenever there is a need to generaIise research 
findings, either in terms of frequency or prevalence of particulars or variables, or 
about the relationship between them. 
According to BucIdy (1976) the scientific method of research should comprise the 
following steps. 
9 Knowledge steps from observations, which take place through a definable 
seardiing process. 
0 The research problem is defined, which means answering why the research 
is being undertaken and what purpose it is supposed to achieve. 
A researdi plan must be formulated comprising the selection of appropriate 
strategies, domains and tedmiques. 
0 Inquiry ensues in accordance with the plan and is directed by the need to 
obtain relevant and sufficient evidence. 
0 The outcome of the inquiry is stated in explicit terms which may result in 
support or rejection of the e)dsting hypothesis. 
The conclusions are documented with sufficient support and clarity that 
they establish what was done, what was found and what significance 
findings may have. 
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Buckly (1976) described these steps as crucial to the assurance of quality researcl-L 
The methodology followed in this research is based on the previous steps. Based 
on the first two steps, the research problems were defined through a preliminary 
literature review. 
The identified problems led to formulate the following objectives. 
1. Analyse the construction industry in Bahrain to identify the problems 
associated with specifications. 
2. Overview of the application of different software packages in the 
construction managemenL 
3. Analyse the use of the information technology in the construction industry 
to implement it to the proposed dynamic model. 
4. Study the concept of TQM and develop a framework for Total Quality 
Management in the construction industry in Bahrain by developing a 
dynamic specification model. 
5. finplement TQM to specification to improve communication, create 
teamwork, create a culture, implement value engineering, and maintain 
continuous improvement 
Having identified the research problem and objectives, the next step was to choose 
the appropriate strategy that would help to achieve the objectives. Buddey (1976) 
suggested the following four methods. 
Opinion research 
If the researcher seeks the views, judgement or appraisals of other persons 
with respect to a research problem, he/she is engaged in opinion research 
(e. g. questionnaireý, opinion poRs and interview). 
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Empirica I research 
An empirical research strategy requires the researcher to observe and/or 
experience things for himself/herself rather than through the mediation of 
others (e. g. case study, field study, and laboratory study). 
Archival research 
This is concerned with the examination of recorded facts (e. g. original 
documents or official files or records, publication of data by other 
investigators). 
Ana lytica I research 
Analytical research relies on the use of internal logic on the part of the 
researcher. The researcher has the resources required for solving the 
problem himself/herself. No explicit reference to external data is necessary. 
The preliminary stage of this research focused on the observation and analysis of 
the construction industry in Bahrain, specifically the subject of specification and the 
implementation of TQM. At fl-ds stage of identifying the problems and forming the 
objectives, there was a large volume of literature on the subject of TQM and 
construction specifications. Therefore, archival research was used at the initial 
stage of the research. The empirical, opinion and analytical research were deemed 
inappropriate at this stage. These techniques are useful for identifying new 
variables and possible relationships between variables. 
The research strategy was based on a combination of different techniques in 
accordance with the research objectives. Archival research was used to define 
research problems and formulate objectives. This approach was also used with 
opinion research to collect data of TQM and specification in the construction 
25 
industry in Bahrain. Also, the archival research was used to analyse the data and 
propose a dynamic model to implement TQM to specification. The empirical 
research was then used to implement the dynamic model on a case study to 
validate the model and implement TQNL - See Figure 2.1. 
I ARCHIVAL RESEARCH 
To define research problems and 
formulate objectives. 
ARCHIVAL and OPINION RESEARCH 
To collect data on the use ofTQM 
and specifications in the construction 
industry in Bahrain. 
ARCHIVAL and ANALYTICAL 
To analyze data and propose a 
dynamic model 
EMPIRICAL RESEARCH 
To implement the dynamic model on a case study, 
validate the model and implement TQM. 
Figure 2.1: Research Strategy 
2.3 Research phases 
To meet the research objectives, this research was undertaken in three phases as 
presented in Figure 2.2. 
Phase one involves a literature review, basically reading and critically appraising 
what others have written about TQM and the Construction Industry in Bahrain 
26 
with emphasis on specification. This was achieved through a comprehensive 
literature survey, use of the Internet as a source of information, attending 
conferences, seminars and workshops. The process resulted in :a review of the 
concept of TQM, its elements, tools, techniques, gurus and their theories; and 
investigation into the different types of specifications existing in the construction 
industry in Bahrain. 
Phase Two involved the preparation of two sections of questionnaire surveys, and 
structured interviews. Section One was a questionnaire in specification, and 
Section Two was a questionnaire in TQM. Section One aimed to collect data and 
information about the use, sources, methods. of writing, and problems arising from 
the current specifications used in the construction industry in Bahrain. Section Two 
of the questionnaire was constructed to collect data and information about the 
implementation of TQM in the construction industry in Bahrain; the readiness of 
the industry to accept and implement it as a tool for the improvement of the quality 
of buildings and for the achievement of customer satisfaction. 
Phase Three was the analysis of the data and information collected from Phase Two 
and the development of a framework for the implementation of TQM to the 
construction industry in Bahrain, through the proposed dynamic model. 
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Literature Use of the 
Review Internet 
Aims and Objectives 
Questionnaire Survey on 
Specification 
Government Design 
Technical Offices Offices 
Analysis of questionnaire results and 
identification of the problem 
Structured Interviews 
Data Analysis and Discussion I 
of Results 
I 
ýroposed dynamic model and 
Case study 
Conclusion and further research 
work 
Figure 2.2: Research Phases 
Conferences, 
Seminars and 
Workshops 
TQM 
Constructors 
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Having decided on the appropriate strategy, the research was undertaken in the 
foRowing three main phases. 
Phase One: Literature review 
Phase Two: Data Collection 
Phase Three: Analysis of the survey responses 
2.3.1 Phase One: Literature review 
A literature review was undertaken to investigate various issues relating to Total 
Quality Management; Information Technology in the construction industry; and 
the different construction management software packages. Most of the literature 
was obtained from the Pilkington library (Loughborough University). In addition, 
many books were bought from the UK to be used for the research in Bahrain. 
There is a lack of information in the construction industry in Bahrain with regard to 
specification, implementation of TQM to the industry, and any other literature 
describing and analysing the construction industry in Bahram in general. The 
literature review and findings have been presented in Chapters Three to Seven 
Most of the findings on the construction industry problems in Bahrain and the 
analysis of its current situation were obtained from questionnaires, interviews and 
the exercise of the author in the industry being a Consulting Engineer. 
2.31 Phase Two: Data collection 
Data collection method 
There are two primary methods, which have been widely used for data collection. 
These are mailed questionnaire method and interview method. In this study, both 
methods were used in order to obtain representative information and a high 
response rate. In Table (2.1) S. G-Naoum. (1998) describes the comparison between a 
postal survey and interview techniques. 
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Table 2.1: Comparison between a postal survey and interview technique 
Source: S. G. Naourn (19981 
Features Interviews Postal 
Questionnaire 
1. Identity of Known Unknown 
respondents 
2. Interaction between Close Distance 
Interviewer and 
Respondents. 
3. Time involving the Long time to go through the interview. Short time. 
Researcher. 
4. Costs. Fligh. Significantly lower 
than the interviews. 
5. Quality of information Deep and detailed Rich. 
6. Skill and experience. The interviewer needs to have the skill to No skill required. 
ask questions and, if necessary, to probe. 
7. Control the process. I-ligh. LOW. 
8. Flexibility Allows great flexibility to reword questions Rigid. The answers 
and clarify terms that are not clear. are accepted as they 
are. 
9. Analysis of the results. Difficult and becomes complicated in the Easy to analyse. 
unstructured interviews. 
10. Interviewer bias The flexibility of interviews allows for bias. If sample is selected 
Sometimes the non-verbal communication appropriately, there 
or behaviour of the interviewee may should be no bias. 
n-dslead the interviewer to incorrect 
judgement 
Content analysis 
The results of the data collected from the questionnaires and interviews were 
analysed according to the content analysis method (textual analysis), identifying 
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the meaning of the texts given by the respondents. Content analysis assumes 
inferences about the relationship between intent and content or between content 
and effect can validly be made, or the actual relationships established. 
Definition of content analysis 
Content analysis is a type of textual analysis the aim of which is to identify the 
meaning of the text. Lindkvist (1981) identified it as follow. 
"content analysis particularly consists of a division of the text into units of meaning 
and quantificating of these units according to certain rules. That content analysis is 
systematic implies inclusion and exclusion of categories according to consistently 
applied rules. 'Ihe possibility that the researcher will use only material supporting 
his hypothesis is thereby eliminated". 
Content analysis may be generally defined as the systematic and objective use of 
techniques to quantify any form of communication. Types of communication range 
from the conventional documentary sources such as books and periodicals to 
recordings of observations, music, and pictures. Basically, this method of analysis 
consists of identifying and counting indicators of the variables in question. 
Content analysis may be envisioned as one form of documentary analysis. It could 
be placed on a continuum ranging from those types which are most literary or 
historical to those involving counting and statistical analysis at the nominal and 
ordinal level. The less one uses quantification type techniques, the more one 
depends on the techniques derived from history and the humanities. Thus, this 
type of research may be seen as an intermediate process used to categorise verbal 
or behavioral data for purposes of classification, summarisation, and tabulation. 
Some of the purposes of this type of research identified by Best (1981) are: 
1. to describe prevailing practices and conditions; 
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Z to discover the relative importance of, or interest in, certain types of 
problems; 
3. to discover the level of difficulty of a book or publication; 
4. to evaluate bias or prejudice in a book or publication; 
5. to analyse types of errors in students' work; and 
6. to identify the literary style and beliefs of a writer. 
The basic rationale for a case study is that there are processes and interactions such 
as aspects of social functioning and personality whicli cannot be studied effectively 
except as they interact and function wid-dn the entity itself. 
Application and elements of content analysis 
Burger (1993) described the application and elements of content analysis as follow. 
1. Responses are first broken down into its constituent policy tasks by 
idend4ring goals and actors (a policy task is something recommended by a 
policy that has a goal and an actor). 
2. Rationale each task identified, the rationales are then classed into one of two 
groups: those that can be evaluated by information science and those that 
cannot 
3. Tallies of the identifications and classifications are made and analysed, after 
examining the responses. 
4. Finally, the assumptions and limitations of the study are presented. 
The elements of content analysis are as follow. 
Policy task. A policy task consists of a goal and an actor or group of actors to 
achieve the stated goal. Therefore, the identification of each policy task depends on 
identification of the goal and actor. 
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Goal. Any statement that presents the purpose or objectives of the policy task. It 
may contain the words "should", "urge", "request", "must", " consider". 
Actor(s). The person, institution, or group designated in the policy task to 
implement it There may be more than one actor per policy task. 
Rationale(s). A rationale is the fundamental reason for something an, exposition of 
principles or reasons, or a hypothesis. 
Presentation of the results of the content analysis. 
The actor, goal and rationale are explicitly identified following the text of the 
responses. In many cases responses consist of more than one policy task. A 
rationale is identified and classified for each individual policy task within a 
response. Furthermore, in order to minimise misidentification of the rationale, one 
of the three possible sources is identified for each rationale. The rationale is also 
classified according to the criteria presented above. In many cases, a discussion of 
the basis for the classification is also presented. 
Interviews 
There are twenty-two interviews conducted at the preliminary literature review 
stage to support the preliminary literature review, and stand on. The main problem 
the construction industry is suffering from. The interviews foHowed the same 
techniques listed below and recommended by Weisbery and Bowen (1977). The 
other part of the interviews were conducting after obtaining the questionnaires 
response obtained from the questionnaires results, the number of the interviews 
conducting at this stage were ten interviews. 
The total number of the interviews is thirty-two, interviews. The preliminary 
interviews helped in identifying the major problems in the construction industry in 
Bahrain and formulate the objectives of the research, as it supported the 
preliminary literature review. The interview-conducted after the data of the 
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questionnaires collected and analysed, helped with the analysis of the responses 
shown in chapter eight below some of the questions pie chart. 
The samples of the interviews were selected for the preliminary research stage for 
Ministry of Housing, Ministry of Public Works, Central Municipal Council, 
consulting engineer and large slice of well known constructors. The sample selected 
after the data collected and analysed were selected according to the questiorýs 
responses that needed clarification as shown in Chapter Eight 
Method of conducting the interview 
Face-to-face Interview 
Interviewing is a powerful method for obtaining reliable information with high 
rates of response. On-site interviews of domain experts of the leading civil and 
building constructors, material suppliers, technical staff, supervisors, engineers, 
managers and directors in the public and the private sectors of Bahrain were 
carried out 
The interview tedmique was used for the following reasons. 
0 To enable the validity of the questionnaire content to be confirmed before 
sending it to companies. 
0 High response rates were required. 
0 Accuracy and reliability of information was essential for the survey analysis. 
The interviews were conducted following the guidelines listed by Weisberg and 
Bowen (1977) and Fink and Kosecoff (1985) to obtain reasonable and dear replies 
from the respondents. These guidelines include, the following. 
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" Introduction 
The interviewer should give a brief statement to describe who is conducting 
the interview and the objective of the interview and indicate the 
confidentiality of the answers provided and the importance of the interview. 
" Privacy 
The interview should be conducted only with the respondents concerned 
without an audience. 
" Asking the questions 
The questions should be asked exactly as they have been written and in dear 
language. 
" Opinion free questions 
The interviewer should ask the questions only and not produce their own 
answers in order to elicit the real attitudes of the respondents. 
" Establishing rapport with the respondent 
The interviewer should build a rapport with the respondents to obtain a 
successful interview. Asking easy questions to gain their interest and trying 
to engender confidence and trust can acNeve this. 
" Probing 
The interviewer should encourage the respondent to clarify or amplify an 
answer if the respondent's answer is unclear. Probing should be carried out 
carefully to avoid any biased information. 
Mailed Questionnaire 
The mailed questionnaire is a self-completion form that is designed by the 
researcher to gather information from individuals located in different areas of the 
country. 
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Cost 
Survey costs depend on a multitude of factors. Some of them, as quoted by Fowler 
(1988) are the amount of professional time required to design the questionnaire, the 
questionnaire length, the geographic dispersion of the sample, the availability and 
interest of the sample, the call back procedures, the respondent selection rules, and 
the availability of trained staff. 
So that responses were available quickly. 
It is a cost efficient method of data collection for the size of the sample. 
The questionnaire was short and the amount of information required was 
limited. 
It was important to verify information obtained by other methods such as 
interview. 
justification for the use of postal questionnaire 
The data collected from the postal questionnaire were analysed using Trend 
technique and Pattern analysis technique. The responses in the questionnaire are 
analysed according to the characteristics of communication content, the causes of 
contents, and the consequences of content. 
"The most valuable use of studies of content is in noting trends and changes in 
content Systems of classification may be inadequate and unstandardised, 
nevertheless, if a system is used consistently over a time period valuable facts may 
appear". This indicates the importance sometimes attached to this application of 
content analysis, although it seems an overstatement in view of more advanced 
uses of content analysis. The classification into a single set of categories of similar 
samples of communication content taken at different times provides a concise 
description of content trends, in terms of relative frequencies of occurrence. Such 
descriptions of trends are often useful in themselves, in addition, they provide data 
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which can be coffelated with coffesponding changes on the part of the 
communicator or the audience. 
Such trend studies provide a valuable historical perspective against which the 
current content of the communication media can be more fully understood. This is 
certainly one area in which content analysis can be applied to good effect. In this 
connection, it is important to point out that most of the existing trend studies have 
dealt only with subject matter categories, although the addition of other categories 
(e. g. direction, authority, emotionality) would make such studies even more 
valuable. 
Pattern codes are explanatory or inferential codes, ones that identify an emergent 
theme, pattern, or explanation that the site suggests to the analyst. They act to pull 
a lot of material together into more meaningful and parsimonious units of analysis. 
For the qualitative analyst, pattern coding has four important functions, NUIes and 
Huberman (1984): 
1. it reduces large amounts of data into a smaller number of analytic units; 
2. it gets the researcher into analysis during data collection, so that later data 
collection can be more focused; 
3. it helps the researdier build a cognitive map, an evolving scliema for 
understanding what is happening locaRy; and 
4. when several researchers are engaged in individual case study work, it lays 
the groundwork for cross-site analysis by surfacing common themes and 
causal processes. 
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A comprehensive description of data collection method is reported by Weisberg 
(1977) and Fowler (1993). The following section provides a brief description of the 
methodology implemented for planning the survey. 
Planning the survey 
Sampling 
The sample is of major government technical offices, constructors and engineering 
offices, who are involved in design and construction in the construction industry in 
Bahrain, who influence the methods and quality of the construction industry 
project and buildings. 
A questionnaire survey (110 questionnaires) was posted and distributed to the 
Ministry of Housing (22), Nfinistry of Public Works (17), Central Municipal Council 
(16), Building Constructors (30) and Engineering Offices (25) questionnaires. 
Questionnaire Design 
The design of the questionnaire in this survey was established using the procedures 
recommended by Hoinville (1977), Fowler (1993) and Prescott (1993). These 
recommendations include the foHowing. 
1. The questionnaire must be clear, unambiguous and easy to answer. 
2. The questionnaire should be attractively spaced and uncluttered. 
3. The questionnaire should use short sentences and be brief. 
4. The questionnaire should be written in simple language. 
5. The questions should be ranked in order of importance. 
6. Biased terms should be avoided in order to get a real view from the 
respondents. 
The questionnaire must be designed to enable easy analysis. 
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The questionnaire should be self-explanatory. 
The types of questions used in this survey were: 
" open questions (those for which enough space is provided for the 
respondents to write their replies); and 
" dosed questions (those for which a list of acceptable answers are provided 
to the respondents, normally by ticking one box or more). In some 
questions, a space is provided as an option for the respondents to provide 
additional information. 
A copy of the questionnaire is induded in Appendix (C). 
Important questions to respondents were asked first to gain respondents 
interest 
The questionnaire dearly indicated how to record the answer to each 
question. 
Enough space was allowed for the respondents to express their views and 
record their comments. 
An instruction was included where necessary on where to go next 
A brief definition was given to some questions where it was necessary. 
Questions were consistent in style. 
Questions with similar content were kept together. 
Questionnaire Form 
Fowler (1988) advised that when a self-administered questionnaire is used, it is 
better to have dosed questions - that is, questions that can be answered by shnply 
tiddng a box or circling the proper response from a set provided by the researcher. 
If the questionnaire contains open-ended questions, it will usually require an 
interview. 
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2.3.3 Phase Three: Analysis of data 
Data analysis and responses. All the data collected from the literature review, 
interviews and questionnaire are analysed and presented in Chapter Eight 
2.3A Phase Four: Development of the model 
Developing of a dynamic model objectives of the development of the dynamic 
model are as follow: 
1. model objectives; 
2. model layout; 
3. model formation; 
4. model characteristic; 
5. model functional flow and data hierarchy; 
6. model inputs; 
7. model outputs, 
8. model testing; 
9. model screens; 
10. model as an information system; and 
11. model validation; questionnaire; and analysis. 
Model objectives 
The objectives of the model PROMANSYS in this research include the following: 
" improved specification writing techniques. 
"a framework to implement TQM. 
" involve the maximum number of design and construction teams members in 
the use of the model to achieve teamwork. 
involve the maximum number of activities and functions in the model to 
create a culture of unified aims; objectives; and beliefs; and 
provide an efficient flow of information for the project to achieve an effective 
communication between project team members. 
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Capability of the model to be continuously improved to cater for any developments 
in the construction industry. 
Cost 
Survey costs depend on a multitude of factors. Some of them, as quoted by Fowler 
(1988) are the amount of professional time required to design the questionnaire, the 
questionnaire length, the geograpl-dc dispersion of the sample, the availability and 
interest of the sample, the call back procedures, the respondent selection rules, and 
the availability of trained staff. 
The Covering Sheet 
A cover sheet was prepared and enclosed with each questionnaire to provide the 
respondents with: 
a brief introduction about the research; 
the objectives of the research; 
the confidentiality of the information provided; 
an affirmation that of the analysis of the results would be returned if so 
requested; and 
0 the name and phone number of the person who should be contacted if there 
were any difficulties or queries about the questionnaire. 
A copy of the covering letter is presented in Appendix (B). 
Pilot-testing the questionnaire 
Pilot testing is a method used to test the validity of the draft questionnaire either by 
sending the questionnaire to a small sample or by interviewing. The pilot testing 
was conducted to check the following-. 
0 the format of the questiormaire; 
0 the order of the questionnaire; 
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the flow from one question to the next, 
any difficulties in understanding the questions; 
the interest areas of the respondents; and 
the time required answering the questions. 
Response rates 
The problem of non-response is central to the use of mail surveys. Fowler (1988) 
stated that, "if mail questionnaires to a general population sample with appropriate 
follow-up procedures is followed, the rate of return is likely to be less than 30 
percent". Without the follow-up procedures being utilised and if the project is 
otherwise well designed and executed, response rates can be obtained for mail 
surveys similar to rates obtained using other modes. 
The main problem with most postal surveys is often poor response. However, the 
power efficiency of tests could be improved, if the sample size is increased. Hence, 
in this type of research, it was considered that a sample of more than 30 firms 
would be enough for statistical analysis to be performed. It was decided to post 
110 questionnaires. According to Fowler's assumption, the response rate in excess 
of 30 percent of 110 (i. e. 39) firms is accepted. The questionnaire was sent to 110 
government offices, constructors and engineering offices. A total of 43 responses 
were returned, giving an overall return rate of 39 percent, which is an accepted and 
reasonable response. 
2.4 Summary 
This chapter has described how the research was undertaken and justified the 
methodology adopted during this research. The formulated research objectives 
were discussed. 
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Formulated objectives were discussed. 
1. Analyse the current status of the construction industry in Bahrain. 
2. The study of TQM concept with its relation to the construction industry. 
3. Analysis and use of information technology in the construction industry. 
4. Analysis and improvement of the construction specifications used in Bahrain 
to avoid discrepancies and achieve dear, concise and consistent 
specification 
5. Overview of the application of different software packages in the 
construction management 
6. Developing a dynamic model for writing-up specifications to be used by the 
design and construction team of the project and produce biH of quantities, 
Planning control charts; material control charts; budget control charts and 
applying value engineering tedmiques. 
7. The implementation of TQM to the construction specifications using the 
proposed dynamic model. 
The research strategy was based on a combination of different techniques in 
accordance with the research objectives. Archival research was used to define 
research problems and formulate objectives. This approach was also used with 
opinion research to collect data on TQM and specification in the construction 
industry in Bahrain. The arcl-dval research was also used to analyse the data and 
propose a dynamic model to implement TQM to specification. The empirical 
research was then used to implement the dynamic model on a case study to 
validate the model and implement TQM. 
The research was undertaken in the following three main phases- literate 
review; data collection; analysis of the survey responses. 
The questionnaire sampling and responses rates were reported. 
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CHAPTER THREE 
THE CURRENT STATUS OF THE CONSTRUCTION INDUSTRY 
IN BAHRAIN 
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CHAPTER THREE 
THE CURRENT STATUS OF THE CONSTRUCTION INDUSTRY 
IN BAHRAIN 
3.1 Introduction 
In the last 25 years, Bahrain has seen a boom in the construction industry, Multi- 
story buildings, hospitals, industrial buildings, factories and other residential villas 
and Ministry of Housing dwellings have become noticeable to the country's 
visitors. The face of Bahrain has changed due to the economical boom and the trend 
to go towards an economy relying on industry and tourism and not oil production 
as a main source of income to the country. 
This increase in the number of different buildings and projects has brought an 
increase in the building industry related to manufacturers and trades. For example: 
The number of building material suppliers has increased tremendously with 
different sources of materials, the number of ready-mix concrete and pre-cast slab 
factories has increased from 3 to 8 factories and also the number of constructors for 
small, medium and large projects. 
This chapter focuses on the construction industry in Bahrairt, discussing issues 
such as the design and construction in the construction industry in Bahrain, the 
quality of buildings in Bahrain and the barriers to the implementation of TQM to 
the construction industry in Bahrain. 
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3.2 The State of Bahrain 
The State of Bahrain is located in a relatively central position on the world map. 
Geograpl-dcally, it is located on the southern shore of the Arabian Gulf, between 25 
3Z 26 50 Latitude and 50 20,50 50 Longitude. On the eastern side, 22km away is the 
eastern shore of Saudi Arabia and a little more further to the west is the State of 
Qatar. 
The State of Bahrains population is 568,000, and it is an archipelago with an area of 
707 kms consisting of more than 36 islands. The largest among them is the island of 
Bahrain, which contams the Capital - Manama, then comes the second largest - 
Muharraq, then Riffa, Sitra, Budaiya and others. 
The urban dusters in Bahrain vary according to their location, history and 
economical social activities. Three tyTes of urban dusters can be found in Bahrain 
nameIy: 
dusters, which have an Islamic identity such as Manama and Muharraq; 
rural areas wl-dch depend on agriculture and fishing activities such as 
Sanabis and Budaiya; and 
9 new urban areas such as Isa Town and Hamad Town, the new 
neighbourhoods and extensions to new cities and villages. 
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Source: Ministry of housing in Bahrain (1999) 
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3.3 The construction industry in Bahrain 
The ex-minister of Development and Industry in Bahrain Mr. Yousif Ashirawi, 
commented on the construction industry (Construction Magazine, January, 1998), 
that, "the construction industry in Bahrain has traditionally been considered the 
barometer of the economic climate prevailing at any given time" 
In the 197(Ys, Bahrain saw unparalleled economic activity - the explosion of 
construction activities ranging from roads, schools, housing, and agriculture to 
basic industries to cities and mega-sized infrastructure and development projects. 
The early 198(Ys saw the beginning of a period of consolidation and the end of the 
era of big projects. This lull in activity was largely due to the reduction and at times 
significant drops in the price of oil. Steady oil production and steady oil pricing 
will mean steady economic growth in the coming years. 
Bahrain has to create development projects for future sources of revenue and for 
employment opportunities. Hence today, a number of projects are being considered 
in the aluminium, petroleum, petro- chemical, gas and other industries. All these 
will directly create considerable construction activities. 
The construction industry in Bahrain must play its part in the development process. 
The constructors that remain in business, both international as well as regional, will 
have to perform differently than before. There is much greater awareness of the 
need to control costs, to demand and ad-deve a higher quality of performance. 
There will be a requirement that the constructors utilise both national labour and 
locally manufactured materials. The construction industry has to become part of 
the national development plan and not merely take profit out of the development 
plan. 
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Much has been said about the transfer of tedmoIogy and one of the easiest and best 
ways of absorption of tedinology is for the national engineers and construction 
organisations to invest in such expertise and know how, which will remain resident 
in this area by utilizing the national workforce. This will not be achieved over 
night, but will require conscious decisions, determination and foresight to embark 
on this course. It will be expensive, hard work, effort and time consuming but there 
is no choice. It should start now, to create a niche in the international economic 
arena. 
3.4 The system of design and constructions in Bahrain 
3A. 1 Design Offices 
The following table shows the number of Engineering Consultancy Offices in 
Bahrain and the categorisation of the offices with regard to the years of experience 
and the capability of taking designs of large projects. 
Table 3.1: Classes of engineering offices in Bahrain. 
Source: Committee for Organizing Engineering Professional Practice - Bahrain, 2000. 
Classification Class Class Class Class Total 
A B C D 
Number of 42 23 7 12 84 
Offices 
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Class "A": Are those offices that have more than ten years of experience and can 
take projects with a budget of more than three million Bahrain Dinars 
(0 milhon). 
Class "B": Are those offices that have less than ten years and more than six years 
of experience and can take projects with a budget of up to three 
miWon Bahrain Dinars 
(C five milhon). 
Class "C": Are those offices that have less than six years of experience and can 
take projects with a budget of up to one and a half miUion Bahrain 
Dinars (; E 2.5 milhon). 
Class "D": Are those technical offices inside the govenunent or semi-government 
offices, who do in-house designs for the use of their own departments 
and not for the private sector. 
The following table is extracted from the list of the Engineering Offices published 
by the Ministry of Commerce in Bahrain, (Government Bulletin - Issue No. 2420, 
April 2000). It is excluding Class "D" offices, as it is not functioning for the private 
sector. It displays the number of offices in each category, their classification in 
every category and the origin of each office in every category either Bahraini or 
non-Bahraini. 
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Table 3.2. - Classification and categories of engineering offices in Bahrain. 
Extracted from the list of Engineering Offices published by the Ministry of 
Commerce in Bahrain, in the (Government Bulletin - Issue No. 2420, April 2000). 
Office's Category Total Classification 
Origin 
B- Bahrain 
NB - Non 
Bahrain 
A B C B NB 
Ard-dtecture 3 1 2 - 2 1 
civil 4 1 2 1 2 2 
Arch. /Civil 30 14 12 4 28 2 
Arch. /Civil/ Interior 2 - 2 - 2 - 
Arch. /Civil/ Land Surveying 2 - 2 - 2 
Arch. /Civil/Building Services 1 1 - - 1 
Arch. /Civil/Mechanical 1 - 1 - 1 - 
Arch. /Civil/Mech. /Elect 3 3 - - 1 2 
Civil/Sect/Mech. 6 6 - - - 6 
Civil/Mech. 1 1 - - 1 - 
Elect / Mech. 1 - 1 - 1 - 
Land Surveying 1 - - 1 1 
Quality Surveying 4 3 - 1 1 3 
Maxine / Mechanical 2 2 - - - 2 
Maxine Surveying / Mech. 1 - 1 - - 1 
Instrumentation 1 1 - - - 1 
Elect. / Enviromnental 1 1 - - - 1 
Civil/Mech. /Elect. /Inst 2 2 - - - 2 
Arch. /Civil/Mech. / Electj Inst 1 1 - - - 1 
Civil / Electrical/ Chemical/Mech. /Inst. 1 1 - - - 1 
Arch. /Civil /Elect. / Med-L / Land 
Surveying / Interior Design 
1 1 - - 1 
Arch. /Civil / Interior Design/ Building 
Services/ Quality Surveying 
1 1 - - 1 - 
Marine 2 2 - - - 2 
Total 72 
+1T 
23 7 44B 28NB 
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3.4.2 Conceptual design 
During this stage, the scope and nature of the work are defined. For example, the 
client desires a building to be designed - the overall number of storeys and layout 
for the same will be developed. 
Projects in Bahrain can be categorised into three types namely large projects, 
medium projects and small projects. Most of the clients in the small and medium 
projects want to spend the lowest budget for a maximum investment return. 
Without consideration to the adversal effect of this on the quality of the project. 
This principle of work affects the quality of the design and the quality of the 
finished project. 
The consultants in the small and medium sized projects do not have proper 
checklists for the preparation of the working drawings. Many details are missing 
and errors frequently found in the working drawings, which cause delay and 
problems at the implementation stage. Also many consultants do not work on the 
quality and type of materials to be used in the design as a main issue, rather than as 
an aesthetic feature to the project many projects are structurally over designed, 
which causes hidden costs to the client, therefore increasing the budget of the 
project. Over design can cause damage to the building. For example: using 
excessive reinforcement steel in the project will result in cracking of the beams and 
columns. Bahrain is known as an island having a salient environment, the effect of 
carbonation and high chloride content materials with excessive reinforcement can 
cause severe damage to the structure of the building. 
The reinforcement of any element should be thoroughly analysed from a structural 
point of view, and a decision should be taken as to whether it is necessary. The 
conceptual design or design options should be communicated by the designer to 
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the client and address the main points outlined including the scope of work, type of 
structural facility, design life, durability and any required maintenance. 
It should be noted that any design decisions taken at this stage have a far greater 
consequence than at any other stage in the project Yet these are the decisions that 
are all too often omitted or rushed through. This is particularly the case where the 
client obtains sanction for the project and the design must be carried out in a very 
short period without allowing adequate time for a considered review. 
3.4.3 Detailed Design 
Once the conceptual design for the building is approved, the detailed structural 
and ard-titectural designs along with the working drawings will take place. Design 
details are of much importance in the working drawings. Problems could easily 
arise at sites due to some missing details or inadequate drawing 
There is far more to a design than the strength of a structure, the details must be 
right It is critical that the durability of the structure is addressed at the early stage 
of the structural design and appropriate decisions taken as to the required concrete 
n-dx design or any special durability measures. Other decisions to be taken at this 
stage should include the mix design strength, any special performance with regard 
to permeability, cover to embedded steel and the use of special protection measures 
sucli as cathode protection or epoxy coats reinforcement. 
In. Bahrain, for example in the housing industry, especially the private sector, a 
two-storey villa is rarely designed with load-bearing walls. Most of the villas 
whether one or two storey, are structurally designed with heavy isolated footings, 
large sections of columns and heavy deep beams, with over reinforcement. It is 
possible, as seen all over the world, to design villas with load-bearing walls and 
strip footing. The method of designing with load bearing is implemented in large 
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scale only in the Ministry of Housing Villas. But in the private sector, effort is still 
needed to raise the awareness to gain more confidence in economical, cost-effective 
and durable designs such as load-bearing structures. 
3AA Specifications 
Most of the consultants operating in Bahrain especially in the medium and large 
projects each have a large technical specification and detailed sections. For example 
on concrete work, which is often not tailored to the region and more frequently not 
tailored to the particular project 
Consultants will typically develop a general specification for concrete work with 
the intention of applying it to all projects that they are engaged on. However, there 
are cases where the specification does not cover the particular qTe of work being 
carried out, yet provides a bulk of unwanted material that is of no use, and just 
makes the document difficult to use. 
There are no specifications tailored for the construction industry in Bahrain or any 
of the Gulf's countries. There is a greater need to have specifications to meet the 
weather requirements in Bahrain or the type of original raw materials used in the 
construction industry. 
However, the issue of the specifications in Bahrain will be dealt with more in detail 
in Chapter Six. 
3.4.5 Supervision 
Supervision in Bahrain was not compulsory until February 1999. The Central 
Municipal Council in Bahrain enforced supervision on the projects of housings and 
multi-storey buildings. The clients must first submit a copy of the supervision 
agreement with an engineering office to the Municipality before obtaining the 
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building permit. This compulsory procedure from the authorities came after 
realising that the quality of the buildings was decreasing and the constructors were 
using sub-standard materials in the construction of the projects. Many defects were 
noticed in buildings in the first three to five years after construction. 
Unfortunately, the investors do not appreciate this procedure mudi as they are not 
happy to face extra expenses, which win have to be paid to the consultants for the 
execution of the supervision works. 
Before February 1999, supervision was optional, but on large projects all the sites 
were supervised. Supervision on medium project was rarely seen on those sites or 
on small projects, especially in the housing sectors. The clients were far away from 
implementing supervision, to them it was going to create a burden and increase the 
cost of the construction and many thought it was unnecessary. 
3.4.6 Constructors 
Constructors in Bahrain are classified into three classes namely - First Class, 
Second Class and Third Class. The classifications are related to the size of the 
establishment, the number of the employees, the financial ground of the 
establishment and the number of years it has been functioning in the market These 
classifications: come from the Ministry of Commerce, the body who issues the 
Commercial Registration to practice construction in Bahrain. However, technically 
there are no measures or control over the classification of the constructors. For 
example - until the time of writing this thesis there is no constructors' law in 
Bahrain. Anybody in Bahrain can obtain a Commercial Registration; there are no 
requirements such as experience or qualifications of the owner or of the technical 
staff working with him and no control over their capability to execute the work. 
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On the large projects, the professionals who are behind the large constructors in 
Bahrain are expert engineers who are of highly experienced and skilled. Either they 
are practicing the job as a joint venture or as an international company by 
themselves in BahrairL 
3.4.7 Suppliers 
Construction has been performed in Bahrain for a number of years now and they 
have established national and international suppliers for raw materials such as 
aggregates and cement as well as ready-mix concrete. During this period, the 
businesses or companies that have been operating had a wealth of data 
accumulated in the form of tests on different materials or concrete and cement 
aggregates. However, in most instances this information is very poorly maintained 
and filed and does not allow early retrievability. 
Many suppliers of either aggregates, cement or ready-mix concrete view the need 
to test the materials as forced on them by the project consultants and they do not 
use this information to their advantage. If all the test data on a particular aggregate 
source is gathered and entered into a computer database the information wiR give a 
far more accurate assessment of the quality of the material than a solitary test taken 
at the approval stage on a particular project. 
There is a great variety in the physical characteristics of the constituent parts of the 
building materials. In concrete, the aggregate sand, cement and water must meet 
the specified standard and from production to use must have been tested, mixed, 
transported, placed, compacted and carried correctly. 
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3.4.8 Workmanship 
In the small and medium projects in Bahrain, poor workmanship and inadequately 
supervised process are too numerous to list Among them are incorrectly mixed 
concrete, where site mixers are used, errors in the setting out of foundations, 
incorrect alignment of columns, insufficient covers to steel reinforcement and it is 
difficult to read the working drawings. 
There are no quality control programmes implemented for the workmansl-dp by the 
constructors. The quality of the project is reflected by the quality of the project's 
consultant, if a consultant was appointed to supervise the project. Defects due to 
workmanship cannot be completely blamed on the constructor or the labourers. 
Defects may be due to errors in structural design, lack of attention to detail design 
drawings, incorrect, inadequate or incomplete materials, and errors in construction 
methods, lack of quality assurance programmes on site and the use of poor and 
unclear specifications. 
3.4.9 Concrete Quality 
The majority of ready-mix concrete facilities in Bahrain are modem automated 
plants with facilities that allow the print out of batch tickets that accurately affect 
the qualities. The supply and transportation of ready-mix concrete is very much a 
production fine activity and several ready-mix suppliers in Bahrain are certified to 
ISO 9000 of quality standard. Although this is not specifically tailored for the read- 
mix industry it is considered a useful management checklist. Such a quality system 
would generate various standard documentation that should be used as 
verification that work is being carried out correctly. The method of placing the 
concrete should be discussed at the pre-pour meeting. If necessary that constructor 
will have to check the accessibility of the pump to the location and the reach of the 
boom. 
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3A. 10 Quality Control 
In large projects in Bahrain, the most cost- effective construction sites for the client 
have been those where the resident engineer or supervising architect appoints an 
experienced member of the staff to design and monitor quality control programmes 
that have been tailor-made for the project. Cost effectiveness and quality is also 
assured where the client approves independent testing laboratories to ensure that 
the quality programme is being adhered to and the main constructor, the supplier 
and the sub-constructors execute the various construction process within the 
quality programmes that formed a part of their pre-qualification. submission to the 
client. 
Since the architect, constructor and resident engineer cannot be expected to read 
each other's minds, the existence of quality assurance programmes and procedures 
can provide a way to handle day-to-day decisions in a consistent and orderly 
fashion. 
3.5 Quality of the buildings in Bahrain 
Rapid development in Bahrain has focused attention on the problems that have 
been associated with construction. The widely prevalent deterioration of concrete 
structures in Bahrain is caused by the cumulatively interactive effect of 
environmental severity, incorrect material specifications, bad workmanship, 
absence of engineering supervision and defective construction practices. Corrosion 
of reinforcement salient environmental chloride is the main deterioration factor. 
Corrosion of reinforcement outweighs the other factors by a wide margin. 
Some measures of success have been ad-deved as international consultants working 
in the country mainly on large government financed projects have accumulated 
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expertise. The state of the art in this field, especially in respect of concrete materials 
and mix design, is today far more advanced than it was fifteen years ago. 
Unfortunately, this notable success seems to have been totally ignored by one 
sector of the economy, which is the privately financed building and development 
sector. This group, which until recently was not required even to name an engineer 
or architect to supervise and be responsible for the construction works, was able to 
carry on building huge reinforced concrete structures, without proper 
specifications or supervision and with the use of sub-standard materials. 
In Bahrain, there are three different levels of construction as categorised earlier - 
first among them are the large projects for the governmeA which are usually 
designed by international consultants and built by large international or joint- 
venture constructors. The second group is the locally based constructors who 
usually take the medium sized projects. Finally, there are the small building 
projects, which are usually under the control of local architects and local builders 
some of whom may lack technical skill in the construction industry. 
3.6 Barriers to the implementation of TQM to the construction 
industry in Bahrain 
These barriers were concluded at the data collection phase of this research, mainly 
from the interviews conducted and the survey questionnaire results. The barriers 
are as foRow. 
3.6.1 Awareness of TQM 
Many organisations in Bahrain have a misunderstanding about TQM. These 
organisations believe that to improve the services and promote quality, it has to be 
done by spending money through investment in technology. Awareness of TQM, 
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method of application, tools and techniques is still not in the organisation. book. 
Some organisations misunderstand the functionality of TQM and are not sure 
whether it is important to be applied or not. These organisations do not know how, 
where, when and why to apply TQNi 
3.62 Mixed Cultures 
The workforce in the construction industry in Bahrain consists mainly of workers 
who come on a renewable two-year contract. The Bahrainese own most of the 
organisations but they hire foreign workers such as technical managers, engineers, 
supervisors, and foremen. The essence of the implementation of TQM is creating a 
culture shared with beliefs and objectives. This culture is supposed to be the spine 
of the organisation, where it is to be improved continuously through teamwork and 
with proper communication. In the case of foreign staff and workers, changing 
every two years from one organisation to another or leaving the country, it is 
difficult to create a stable and permanent culture in the organisation. 
3.6.3 Awareness of productivity 
There is a misunderstanding about what is really meant by productivity. Many 
people believe productivity is only equated with production. For example, if more 
output of goods and services is achieved, then productivity is assumed to have 
increased. It is believed that anything which relates to production will be apparent 
to measure its output Another common misunderstanding in some organisations 
in Bahrain related to productivity is that it is only related to the labour input This 
assumption has no reasonable basis, as an organisatioes success is dependent on 
the effectiveness with which it utilizes all the resources such as raw material, 
capital equipment, energy and labour. The view that productivity can only be 
applied to labour is risky. It results in a failure to capitalize on significant 
opportunities to improve performance through better equipment utilization and 
reduction on material losses. 
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3.6.4 Lack of long-term objectives 
A common problem with many organisations in Bahrain is that they do not 
establish a long-term plan for the organisation. and make firm commitment to 
future objectives and targets of the organisation. Most of the organisations do not 
have a philosophy for quality or a vision. They also lack the availability of 
documented procedures that show how the organisation is operating. 
3.6.5 Time - Scale to implement TQM 
It takes three to five years for any TQM programme to work in an organisation, 
depending on the size of the organisation and the type of product or service. In 
Bahrain, many organisations do not know if they can survive in the market for the 
coming two or three years because these organisations are not established on strong 
financial, managerial or technical grounds. The lack of planning, programming and 
continuous improvement of the organisation leads to frequent risks in the market 
3.6.6 Resistance to change 
Many organisations in Bahrainý especially those run by a sole proprietor, are 
illiterate in TQM issues. These managers especially when they are of the older 
generation, think what they have learnt and done in the past, eventhough it brings 
small profit, is better than any ideas or methods that are new. These managers will 
resist and object to any new techniques, tools and theories in management 
These are onIy some barriers and obstacles which are specificaUy focused to the 
construction industry in Bahrain. There are many barriers and obstacles to the 
implementation of TQM to the construction industry in general which are dealt 
with in the next chapter. 
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3.7 Construction in Bahrain compared to U. K. 
The outcomes from the literature reviews and data collected revealed a major 
setback in the construction industry in Bahrain compared to the construction 
industry in the United Kingdom. Even though the construction industry in Bahrain 
is much smaller in size and mature in its capability compared to UK construction 
industry, but the problems existing in the construction industry in Bahrain are 
major and deep in its effect Most of the problems and a critical analysis of the 
situation in BahrahYs construction industry are discussed in detail in chapters 
Three and Six, the major problems currently existing in the construction industry in 
Bahrain are summarised as follow. 
0 Nearly all projects don't finish on time due to unclear specifications, 
variations and disputes. 
0 The allocated budgets are always raised due to changes and high cost of 
variations. 
0 Disputes arise due to undear, vague or incorrect specifications. This is 
reflected by the Wgh number of cases at the courts of justice between clients 
and constructors. 
The quality of the building is always compron-tised. to finish the project, due 
to unclear specification of quality standards, specification of the wrong 
materials and methods of fixing. 
0 Penalties correspondence and time consuming instruction orders between 
the ard-titect, the constructor and the owner, due to missing information in 
the spedfication. 
0 At the end of the project there are always disputes and finger pointing 
between the architect and the owner, due to lack of information, inadequate 
or poorly prepared specifications and the low quality of the finished projecL 
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The British construction industry is the fourth largest in Europe and represents 
over 10 percent of total EU construction activity. UK construction companies are 
also responsible for a significant amount of work undertaken overseas, usually on 
behalf of British consultants and constructors (Technology Foresight report 1995). 
Egan (1998) described the UK construction industry in the rethinking construction 
report that at its best the industry is excellent Its capability to deliver the most 
difficult and innovative projects matches that of any other construction industry in 
the world. Nevertheless, there is deep concern that the industry as a whole is 
under-ad-deving, especially in the following areas. 
1. It has a low and unreliable rate of profitability. Margins are characteristically 
very low. The view of the task force is that these are too low for the industry to 
sustain healthy development and wish to see those companies who serve their 
dients weff making mudi better returns. 
I It invests little in research and development and in capital. In house R&D has 
fallen by eighty percent since 1981 and capital investment is a third of what it 
was twenty years ago. This lack of investment is damaging the industry's 
ability to keep abreast of innovation in. 
3. There is a crisis in training. The proportion of trainees in the workforce 
appears to have declined by half since the 1970s and there is increasing 
concern about skill shortages in the industry. Too few people are being trained 
to replace the ageing skilled workforce, and too few are acquiring the 
technical and managerial skills required to get full value from new techniques 
and technologies. Construction also lacks a proper career structure to develop 
supervisory and management grades. 
4. Too many clients are undiscriminating and still equate price with cost, 
selecting designers and constructors almost exclusively on the basis of 
tendered price. This tendency is widely seen as one of the greatest barriers to 
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improvement. The public sector, because of its need to interpret accountability 
in a rather narrow sense, is often viewed as a major culprit in fl-ds respect. The 
industry needs to educate and help its clients to differentiate between best 
value and lowest price; 
5. Under-achievement can also be found in the growing dissatisfaction with 
construction among both private and public sector clients. Projects are widely 
seen as unpredictable in terms of delivery on time, within budget and to the 
standards of quality expected. Investment in construction is seen as expensive, 
when compared both to other goods and services and to other countries. In 
short, construction too often fails to meet the needs of modem businesses that 
must be competitive in international markets, and rarely provides best value 
for clients and taxpayers. 
6. The under-achievement of construction is graphically demonstrated by the 
City's view of the industry as a poor investment. The City regards 
construction as a business that is unpredictable, competitive only on price not 
quafityý with too few barriers to entry for poor performers. With few 
exceptions, investors cannot identify brands among companies to which they 
can attach future value. As a result there are few loyal, strategic long-term 
shareholders in quoted construction companies. 
7. Discussions with City analysts suggest that effective barriers to entry in the 
construction industry, together with structural changes that differentiated 
brands and improved companies' "quality of ean-dngs! l (i. e. stability and 
predictability of margins), could result in higher share prices and more 
strategic shareholders. We believe such a change towards stability of profit 
margins would be at least as highly valued by the City as a simple increase in 
margins. 
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3.8 Summary 
The construction industry in Bahrain must play its part in the development process. 
The constructors in business, both international as well as regional, will have to 
perform differently than before. There is much greater awareness of the need to 
control costs and to demand and achieve a higher quality of performance. 
Projects in Bahrain can be categorised into three types namely - large, medium and 
small projects. Most of the clients in the small, medium and some of the large 
projects want to spend the lowest budget for a maximum investment return 
without thinking of the effects of lowest prices and quotes on quality issues. 
There are no specifications tailored for the construction industry in Bahrain or any 
of the Gulf countries. Consultants will typically have developed a general 
specification for concrete work with the intention of applying it to all projects that 
they are engaged on. However, there are cases where the specifications do not 
cover the particular type of work being carried out, yet provide a bulk of unwanted 
material that is of no use and just makes the document more difficult to use. 
Defects of workmanship in the construction industry in Bahrain come from errors 
in structural design, lack of attention to detail design, incorrect, inadequate or 
incompatible specifications, errors in construction methods, lack of quality 
assurance programmes on design offices and on site and the use of inadequate, 
undear specifications. 
Rapid development of Bahrain has focused attention on the problems that have 
been associated with construction. The cumulatively interactive effect of 
environmental seventy, incorrect material specifications, bad workmanship, 
absence of engineering supervision and defective construction practices cause the 
widely prevalent determination of concrete structures in Bahrain. 
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Barriers to the implementation of TQM to the construction industry in Bahrain are 
briefed in the following points. 
" lack of awareness of TQM; 
" existence of mixed culture; 
" lack of awareness of productivity; 
" lack of long-term objectives; 
time scale needed to implement TQM; and 
resistance of managers to change. 
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CHAPTER FOUR 
THE CONCEPT OF TOTAL QUALITY MANAGEMENT 
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CHAPTER FOUR 
THE CONCEP17 OF TOTAL QUALITY MANAGEMENT 
4.1 Introduction 
The principles of TQM are valuable to individuals, groups of people and 
organisations, and many organisations have now discovered a relationship 
between quality and profitability. It has now become important for organisations to 
develop strategy by adopting the principles of TQM. Superior product or service 
customer satisfaction, lower cost and continuous improvements are the aims of any 
organisation to survive and compete in business. TQM will allow any organisation 
to reach these aims through a culture-based system, commitment, leaderships; 
teamwork, communication and continuous process improvement using integrated 
tools, techniques and training. 
The survey results showed a lack of awareness for the purpose of specifications and 
the use of TQM in the construction industry in Bahrain. Level of awareness must be 
raised through authorities technical offices, technical institutions, engineering and 
managerial societies and through the media. To improve the level of quality of 
building in every phase of the construction process of the project until handover to 
client, to full satisfaction. 
Achieving the objectives of the implementation of the framework in this research to 
the construction industry in Bahrain should work parallel with the raising of the 
awareness to the importance of specifications and TQM to the construction 
industry as a whole. This can only be achieved by the joint contribution of the 
private and public sectors together through all different channels in the 
construction industry in Bahrain. Uke any other quality systems results are 
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achieved with a certain period in time, for TQM program result usually achieved 
within three to five years in the construction industry organisations. 
Improving quality is very often regarded as an activity, which is going to increase 
cost This view confuses the terms used in industry concerning quality and grade. 
Improving or raising the grade of service or product relates to the use of more 
expensive materials or processes to produce a product and will raise product costs. 
Improving quality means, among other things, making less faulty products with 
the same amount of effort or cost, which usually gives a lower unit cost 
The essence of this research is TQM, where the aim is to develop and implement a 
framework for TQM in the construction industry in Bahrain. Therefore, a 
comprehensive review of literature on the concept of TQM had to be undertake to 
study the historical evolution, philosophy, principles, elements, techniques and 
methods of implementing TQU 
A comprehensive research in the concept of TQM had to be done to learn and 
understand those points. There were a large variety of sources to get this 
information: university library books, a lot of books were bought, the Internet, 
magazines related to TQM and previous researches in TQM. Unfortunately most of 
these sources are not available in Bahrain, most of them where obtained from the 
UK 
This chapter reviews the principles, techniques and the evolution of TQM with a 
comparison between traditional quality approaches and TQM, describing the main 
obstacles to the implementation of TQM to the construction industry and reviewing 
the recent researches in quality. 
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42 What is TQM? 
TQM is a culture-based system, focusing on customer satisfaction through 
continuous improvement Feigenbaum (1951) commented that the notion of value 
had to be included in any quality definition: Quality does not have the popular 
meaning of "best" in any absolute sense. It means, "best for certain customer 
conditions". These conditions are (a) the actual use and (b) the selling price of the 
product. Product quality cannot be thought of apart from product cost. 
The ECI TQM Task Force (1993) defined TQM as follows. 
"TQM is a management-let process to obtain the involvement of all employees in 
the continuous improvement of the performance of all activities, as part of normal 
business, to meet the needs and satisfaction of the customer whether internal or 
extemal". 
Sashkin and Kiser (1993) defined TQM as follows. 
"TQM means that the organisationýs culture is defined by and supports the 
constant attainment of customer satisfaction through an integrated system of tools, 
techniques and traming. This involves the continuous improvement of 
organisational. process resulting in high quality products and services. 
QPMA (Quality and Productivity Management Association 1993) defined TQM by 
mainly focusing on the customer and improvement of performance. 
"Total Quality is a client-focused, strategic and systematic approadi to the 
continuous improvement of performance" (pp, 444). 
(Ibe Japanese Industrial Standard Z8101 - 1981) states that Quality Control is: 
"A system of means to economically produce goods or services which satisfy 
customers' requirements". 
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Dahlgaard, Kristensen and Kanji (1998) stated the quality of TQM definition, where 
TQM can be said to be the cuhnination of a hierarchy of quality definitions. 
1. Quality - is to continuously satisfy customersý expectations. 
Z Total Quality- is to adiieve quality at low cost 
3. Total Quality Management - is to ad-deve total quality through everybody's 
partidpation. 
4.3 How TQM developed with time? 
The term 'Total Quality Control" originated in the United States in the late 1950's. 
The first reference to the term appeared in an article by Armand V. Feigenbaum. 
He was the first to use the term "Total Quality Contror, meaning essentially what 
is now called "TQM" in the classic article "Total Quality Control", Harvard 
Business Review, November/ December 1956. He expanded on this in his book, 
"Total Quality Control" 1%1. 
Figure (4.1) characteristic of the different stages in TQM by Dahlgaard, Kristeen 
and Kanji (1998) shows the different stages for the evolution of TQM from the year 
1910 to 1980 as follow. 
Table 4.1: Characteristic of the different stages in TOM 
Source: Fundamentals of TQM 
By. Dahlgaard, Kristeen and Kanji (1998), pplO 
Stage Characteristics 
QI (1910) Salvage 
Sorting 
Corrective action 
Identify sources of non-conformance 
QC(1924) Quality manual 
Performance data 
Seff-inspection 
Product testing 
Quality planning 
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Use of statistics 
Paperwork control 
QA(1950) Third-party approvals 
Systems audits 
Quality planning 
Quality manual 
Quality costs 
Process control 
Failure mode and effect analysis 
Non-production operation 
TQM(1980) Focused vision 
Continuous improvements 
Internal customer 
Performance measure 
Prevention 
Company-wide application 
Inter-departmental barriers 
Management leadership 
Satish Goyal (2000), described in his paper at the Quality Beyond 2000 Conference 
in Bahrain, "The Quality Journey", that quality has changed its function with the 
passage of time from the 1950's - 1990's. 
195(Ys - Inspection 
1960's - Quality Control 
197(Ys - Quality Assurance 
1980's - Quality Circles 
1990's - Total Quality Management 
Inspection 
This is a process of sorting good or bad. It is a post-operation inspection, which is 
unsatisfactory since it does noffiing to prevent the occurTence of defects. It does not 
matter how much a defective part is inspected, it wiR not make it any better. All 
73 
inspection can do is to segregate well from bad. Inspecting a good product only 
adds to its cost, not to its value. The next step in the evolution of quality was how 
to prevent defects in the first place. This was the birth of quality control. 
Quality Control 
The main aim of quality control is defect prevention. David Hutchins (1992) stated 
that the first breakthrough came when Walter Shewhart, a statistician, was 
appointed to head the Quality Control Activities at the Hawthorn works of the 
Western Electric Corporation in the United States. On his staff were up-coming 
engineers named juran, I-evenforth and Elton Mayo. Shewhart quickly recognised 
the opportunity for the application of his statistical background to the inspection 
function and invented the X/R chart concept diagram according to Figure ( 4.1 ). 
juran was the first person to use the technique when he applied it to the 
manufacture of relays. Following World War 11, statistical quality control was 
regarded as state-of-the art and applicable mainly to the high-volume manufacture 
of engineering products. This was the situation when Deming (1950) followed by 
juran (1954) and Fiegenbatun (1958) went to Japan. Each of these gurus viewed 
quality differently but each of them regarded quality as a management activity. 
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Quality Assurance 
The concept of quality evolved from a narrow, manufacturing based discipline to 
one with implications for management throughout a firm. Statistics and 
manufacturing control remained important but co-ordination with other areas, 
such as design, engineering, planning and service activities also became important 
to quality. While quality remained focused on defect prevention, the quality 
assurance era brought a more pro-active approach. It is a management system 
designed to control the activities at all stages (design, production, delivery and 
service) to prevent quality problems and ensure only conforming products reach 
the customer. ISO 8402 defines it as follows. "All the planned and systematic 
activities implemented within the quality system, and demonstrated as needed to 
provide adequate confidence that an entity will fulfil requirements for quality". 
Quality Circles 
Sashkin and Kiser (1993) reported that qualitýr control became popular in Japan 
during the 1960's and 1970's They began formally in 1962 and by 1980 there were 
over 1,00,000 Quality Circles in operation in Japanese organisations of all types. 
Workers would meet in teams around a table at a regular time during the week, 
usually before or after working hours. The team members would discuss problems, 
usually concerning the quality of production. Based on these discussions they 
would develop solutions and pass these ideas on to the management. The aim was 
usually to improve product quality, which is why it was called "Quality Circles". 
American firms began using QCs in the mid-1970's they gained in popularity 
through out the 1980's. By 1986, QCs were common, but it was noted that QCs 
seemed to mix results. Not every QC installation was a grand success. The new 
managers were much less supportive of or interested in the QC programme, 
therefore, they abolished the programme. 
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After QCs failures, managers realized that for QCs to take root and make a long- 
term difference more would be needed than a room with a table and chairs and an 
hour week overtime pay for the workers. The organisational culture in which these 
employees worked was very different from that of the typical Japanese firm 
involved in QCs. Instead of a history of loyalty to the organisations based on trust 
and support, there was a history of acrimony and deception. Instead of a shared 
sense of purpose and problems, there were strong differences in how employees 
and managers defined both the purposes and problems of the organisation. 
It was about fl-tis time that American management discovered Quality 
Improvement (which has now become so popular that it has all but replaced earlier 
attention to Productivity Improvement). 
Total Quality Management (TQM) 
Quality Assurance and Quality Control aims were to determine problems by 
inspection of already completed work. TQM seeks to prevent mistakes in the 
manufacturing process, as opposed to the detection of mistakes typical to QA/QC 
TQM seeks the continuous improvement of product manufacturing processes by 
allowing everyone who is part of the process to become involved in the 
improvement process. 
There was a need for products with superior quality, lower cost and more reliable 
delivery. The Japanese firms gained market shares, adiieved immense profitability 
while American firms were under pressure, and made losses due to product 
liability suits for defective products and constant pressure from consumer 
advocates Bound, Yorks, Adams Ranney (1994). 
The word "Total" conveys the idea that all employees, throughout every function 
and level of an organisation, pursue quality. The word "Quality" suggests 
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excellence in every aspect of the organisation. "Management" refers to the pursuit 
of quality results through a quality management process. While the Japanese term 
for their approach is "Company-Wide Quality Contror (CWCQ), to label 
approaches to management that are quite similar to what American managers call 
"Total Quality Management". (Bound Yorks, Adams, and Ranney 1994). 
There are many recognized gurus in the theory of Quality Management or 
continuous process improvement The most noted include Philip B Crosby, 
Edwards Deming, Joseph M Juran, Taiichi Ohno and Kaoru, Ishikawa. These 
gentlemen and many others have greatly advanced the theory and practice of 
quality management, throughout the manufacturing and service industries, from 
Japan to America. 
Sashkin and Kiser (1993) stated that in the late 1940's the Bureau of the Census sent 
Edward Deming to Japan to help the post war Japanese government improve its 
census-taking capability. In the 195(Ys still generally ignored by American industry 
he returned to Japan at the invitation of a new professional organisation of 
engineers and scientists. Ihe founders of this organisation, the Japan Union of 
Scientists and Engineers (JUSE) were concerned about the very poor quality of 
Japanese products. They intended to change this situatior-L Deming agreed to help 
with a lecture tour, talking to large groups of technicians, researchers, engineers 
and plant managers. Deming realized that he had to lecture and teach his methods 
not only to engineers and technicians as he did in America. When his methods 
were not implemented for a long time in Japan, he asked a top executive of a 
Japanese organisation, Idhiro Ishikawa, who was a former professor, whether it was 
possible to arrange a special session with a group of top industrial managers. 
Unlike American managers, Japanese top managers paid attention to Deming. They 
went to work with passion; they knew they had to re-build their industrial base if 
Japan was to prosper in the coming years. They were well aware of Japarýs 
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reputation for inferior quality. To become a real competitor in the world economy, 
Japan had to change and improve. 
Throughout the 1950's Japanese firms viewed among themselves to see which 
could go the furthest in applying Deming's ideas. They quiddy established an all- 
industry competition and an annual prize for the organisation. that demonstrated 
the most comprehensive and effective applications. Teachers are honoured and 
respected in Japan so they named the prize after their first and most important 
teacher W Edwards Deming. 
Action I Plan 
Possible change I 
of plan based Policy development 
on the diagnosis 
Check Do 
Auditing 
Diagnosing 
_. __Policy Reporting deployment 
Figure 4.2: The PDCA Deming cycle 
Source: John S. Okland ( 1995) 
Deming taught the Japanese Shewharfs principles of scientific fl-tinking embodied 
in the Plan, Do, Check, Act (PDCA) Cycle, which the Japanese soon refeffed to as 
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the Deming Cycle see Figure (4.2). The PDCA cycle provides managers with a 
scientific method for learning how to make improvements. Deming introduced the 
Japanese to modem approaches to consumer research and suggested methods for 
relating the research to continuous improvements. Under the intellectual 
leadership of business leader's like Kaor Ishikawa, the Japanese continued to refine 
the Shcwhart/Deming approach to continuous improvement They introduced 
other techniques to support an approach to continuous improvement, which 
focused on the means (the causes) and not just the ends (the results). For example, 
Ishikawa developed the cause/effect or fish-bone diagram as a format for 
documenting ideas about cause/effect relationships. Ishikawa suggest that the 
turning point for the Japanese came with the arrival of two other Americans, Joseph 
MJuran and Armand Feigenbaum, Bound, Yorks, Adams and Ranney (1994). 
4A TQM Gurus and their theories 
A "Guru" is defined as a good man, a wise man and a teacher. They also tend to 
have charismatic characters, often well ahead as their time that contribute 
significantly to their chosen field. In spite of criticism and occasional ridicule, 
people destined to be defined as Gurus will stick to their beliefs because they are 
sincere and often passionate about their beliefs John Gilbert (1992). Gurus have 
contributed to the thinking and practice of the quality improvement movement in 
two ways. Some of them concentrated on the philosophical aspects of quality 
improvement and others concentrated on the tools of quality. John Gilbert (1992) 
categorized the gurus into fluee categories as foRows. 
The Early Americans 
W. Edwards Deming NIanagement Philosophy 
Joseph M. Juran Planning and Quality Costs 
Armand V. Feigenbaum Total Quality Control 
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The Japanese 
Kaoru Ishikawa 
Geriidii Tagud-d 
SWgeo Shingo 
The Westerners 
Philip B Crosby 
Tom Peters 
Claus Moller 
The Early American Gums 
Tools 
Quality Circles 
Company-wide Quality 
Minimum Prototyping 
Poka-Yoke (Zero defects) 
Awareness 
Zero Defects 
Do it right first time 
Customer Orientation 
Personal Quality 
(I)W Edwards Deming 
Deming introduced the concept of "Variance to the Japanese and a systematic 
approach to problem solving which eventually was called the PDCA Cycle (Plan, 
Do, Check, Act). Later Deming pushed the need for management involvement and 
produced Deming's famous 14 points. 
1. Create constancy of purpose for improvement of product and service. 
2. Adopt the new philosophy. 
3. Cease dependence on mass inspection. 
4. End the practice of awarding business on prize tag alone. 
5. Improve constantly and forever the system of productiom 
6. Institute training. 
7. Institute leadership. 
8. Drive out fear. 
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9. Breakdown barriers between staff areas. 
10. Eliminate slogans, exhortations and targets for work. 
11. Eliminate numerical quotas. 
12. Remove barriers to pride of workmanship. 
13. Institute a vigorous programme of education and improvement. 
14. Take action to accomplish the transformation. 
II Joseph M. Juran 
Along with Deming, Juran is credited with the Japanese success in quality 
management because of his work and lectures in that country after World War IL 
JurajYs career in quality in the United States began at the Western Electric 
Company, where he became chief of the inspection control division. In 1951 Mc 
Graw-Hill published his textbook "Quality Control Handbook", which came to be 
regarded as the "Bible" of the quality improvement process in both the United 
States and Japan Kubal (1994). Juran emphasized a project-bya-project approach to 
quality improvement that is solving quality and defect problems at a specific part 
of the manufacturing process versus the overall-general improvement approach to 
quality managemenL juranýs quality process includes the following steps. 
* Create a management philosophy of quality and an awareness of the need for 
improvements. 
" Establish goals for quality improvement on a project-by-project basis. 
" Create a quality council to guide and co-ordinate employees to meet their goals. 
" Complete projects, find problems and solve them on a project-by-project basis. 
" Establish a programme of training and education. 
" Communicate the progress of quality improvement by keeping score. 
" Recognize those who have contributed to the process. 
" Nlaintain momentum by making the quality controls, planning and 
improvemea 
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o Processes a standard part of the management process. 
(III) Armand Fiegenbaum 
Feigenbaum believes in total quality control where a systematic approach should 
be used involving all the functions of the organisation and not just manufacturing. 
Quality should be built in at*an early stage, and the system should be allowed to 
develop gradually. Feigenbaum sees quality improvement as the single most 
important force leading to organisational success and growth. He originated the 
concept of total quality control and claimed, "Quality is in its essence a way of 
managing the organisation" John Gilbert (1992) and requires. 
9a dear understanding of international markets; 
* that management needs a thorough grasp of total quality strategy with a hands- 
on style; and 
that total quality process is the single most powerful diange agent for companies 
today. 
The Japanese Gurus 
0) Kaoru Ishikawa 
The late Ishikawa, who was a professor at the University of Tokyo, first began 
surveying and studying quality control when Ishikawa joined a research group set 
up by the Union of Japanese Scientists and Engineers OUSE) in 1949. In the same 
year Kaoru Ishikawa was the first to recognize that quality improvement is too 
important to leave in the hands of specialists. Ishikawa stated that it should be 
company-wide from board room to back-rooni, top to bottom and an all pervasive 
influence on the way business is conducted Gilbert (1992). 
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Ishikawa invented the cause and effect diagram as a device to assist groups (quality 
circles) with their improvement efforts. The diagram often bears Ishikawa's name 
and is a useful way to find, sort out and document the causes of variation of 
quality. 
(11) Genichi Taguchi 
Taguchi developed a methodology for minimum prototyping in product design 
and trouble shooting in productioi-L The methodology is concerned with the 
routine optimisation of product and process prior to manufacture, rather than the 
use of inspection as a tool of quality. The design aspects of off-line quality control 
are divided into three stages: 
" System Design; 
" Parameter Design; and 
" Tolerance Design. 
System design is the art of creating a design concept or "'an up and limping" 
prototype. Parameter design is the crucial step, and involves testing the design 
features in order to find the ones that are least sensitive to outside changes. 
Tolerance design is then applied to reduce further variations. If necessary, better 
raw materials or equipment will be purchased Gilbert (1992). 
011) Shigeo Shingo 
Shigeo Shingo was one of the key figures in the development of just-in-time 
manufacturing and its promotion and use outside Japan. Shingo, was one of the 
20th century's greatest engineers and was honoured by the whole world for the 
major contributions he made not only to the thinking process behind quality 
improvement, but also the methodology of the processes. 
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Shingo is best remembered for his work on the development of quick change over 
(SMED), (Single Minute Exchange of Die) and (Poka-Yoke) Mistake Proofing. 
The Poka-Yoke system (mistake proofing or defect = zero) for production processes 
is based on the use of preventive measures. Shigeo Shingo said that the process 
should be stopped whenever a defect occurs, exhaustively investigated and steps 
taken to elaborate the cause and prevent the re-occurrence of the defect by 
eliminating the cause. This requires constant monitoring of potential error sources, 
so as to nip them in the bud before they become a problem. 
Shingo also worked on machine set-up reduction for engineering companies to 
develop methods of reducing or minimizing set-up time. This methodology is 
known as Single Minute Exdiange of Die (SMED). 
The Western Gurus 
0) Philip B. Crosby 
Crosby's quality programme includes the commitment to zero defect$, it is based 
on fourteen steps to achieve "Zero Defects". This programme began while Crosby 
was in-charge of the quality programme for the Pershing missile at the Mortin 
Corporation Kubal (1994). 
Crosby is well known for the concepts of "Do It Right First Time", and Zero 
Defects. Crosby's bases his quality improvement methods on the four absolutes of 
quality management. 
" conformance to requirements; 
" prevention not appraisal; 
" zero Defects; and 
" measurement of the price of non-conformance. 
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Crosby's fourteen steps to Quality Improvements as the method of implementing 
the process Gilbert (1992) are as foHows. 
1. Management Commitment. 
2. Form Quality Improvement Teams. 
3. Measure to find improvement areas. 
4. Evaluate the cost of quality. 
5. Raise quality awareness. 
6. Take actions to correct problems. 
7. Establish progress monitoring of the improvement process. 
8. Train supervisors. 
9. Hold a "Zero Defect" day. 
10. Encourage people to establish improvement goals. 
11. Encourage people to tell management about the obstacles they face. 
12. Recognise and appreciate those who participate. 
13. Establish quality councils to communicate on a regular basis. 
14. Repeat the programme A over again. 
(11) Tom Peters 
Peters emphasises the importance of customers, innovation, people, leadership and 
systems. Peters sees leadersl-dp rather than management as the central issues 
behind quality improvement and is an advocate of management by walking about 
as a mechanism for: 
" listening (Caring); 
" teadting (Value transmission); and 
" facilitating (Helping). 
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Peter is the guru who talks most about customers, and in his book "Thriving on 
Chaos", deals with each key area in terms of "Prescriptions" as the way to bring 
about the necessary "Management Revolution". 
(III) Claus Moller 
Moller developed the concept of personal quality as the central element of TQM 
and talks about the 12 Golden Rules to aid quality improvement. 
1. Set personal quality goals. 
z Establish own personal quality account 
3. Check how satisfied others are with your efforts. 
4. Regard the next link as a valued customer. 
5. Avoid errors. 
6. Perform tasks more effectively. 
7. Be committed. 
8. Learn to finish what you start 
9. Control your stress. 
10. Be ethical. 
11. Demand quality. 
1z Utilise resources well. 
Claus Moller also has the 17 hallmarks of a quality organisation. He emphasises; 
administrative procedure improvement rather than the improvement of production 
processes. Moller further emphasizes the use of checklists and the two standards of 
personal quality, Ideal performance (IP) and Actual Performance Level (AP). 
Overall, Moller believes in people improvement as the key to quality improvement 
Gflbert (1992). 
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The informations taken for the following table are from a variety of sources, and a 
comparison between America, Japanese and western gurus representing tluee 
schools of thoughts relating to TQM, presented in Table 4.2. 
Table 4.2: Comparison between the three TQM schools 
American Japanese Western 
Originated the concept of Total Recognise that quality Development of do it right first 
Quality Control. improvement is to important to time, zero defects, prevention 
leave in the hand of specialists, it not appraisal and conformance 
Took the quality message to the should be company-wide, from to requirements as bases to 
Japanese after the second world board-room to back-room top to quality improvement 
war because they were not bottom and an all pervasive 
listened to at home. influence on the way business is Emphasizes the importance of 
conducted. customers, innovation, people, 
Introduced the concept of leadership and systems. 
'Fvariance' to the Japanese. Used the cause-and-effect 
diagram to great effect as a device leadership rather than 
Introduced a systematic to assist groups quality circles management as the central 
approach to problem solving with their improvement efforts. issue behind quality 
which eventually was called improvement and is an 
PDCA (plan, Do, check, Act). Developed a methodology for advocate of management by 
minimum prototyping in product working about (MBWA) 
Pushed the need for design and trouble shooting in 
management involvement. production. Developing of the concept of 
personal quality as the central 
Talking about managemenes Design aspects of off-line quality element of TQM. 
responsibility for quality and control are divided into three 
the need to set goals and targets stages: system design, parameter Emphasises administrative 
for improvement design and tolerance design. procedure improvement rather 
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than the improvement of 
Quality control should be Development of just-in-Time production process 
conducted as on integral part of 
management control. 
A systematic approach should 
be used in TQM involving all 
the functions of the 
organisation and not just 
manufacturing. 
Emphasises the use of check list 
and the two standards of 
personal quality, Ideal 
Performance (ID) and Actual 
Performance (AP). 
Believe in people improvement 
as the key to quality 
improvement 
4.5 The Foundations, tools and techniques of TQM 
4.5.1 The Foundations of TQM 
Americans and Japanese quality "Gurus" have each set down a number of points or 
absolute-words of wisdom in management and leadership and many organisations 
are using these to establish a policy based on quality. These have been distilled and 
modified to ten points for senior management to adopt Oakland (1995). 
1. The organisation needs long-term commitment to constant improvement. 
There must be a constancy of purpose and commitment to itý whidi must 
start from the top. The quality improvement process must be planned on a 
truly organisation wide basis. The place to start the quality process is in the 
boardroom. Uadership must be by example. Then the process must 
progressively expand to embrace A parts of the organisation. 
manufacturing and its promotion 
and use outside Japan. 
Development of (SMED) single 
minute Exchange of Die, for 
reducing or minimizing set-up 
time. 
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2. Adopt the philosophy of zero errors/defects to change the CULTURE to 
right first time. 
This must be based on a thorough understanding of the customer's needs 
and expectations and on teamwork, developed through employee 
participation. 
3. Train the people to understand the CUSTOMER - SUPPLIER 
relationships 
The commitment to customer needs must start from the top, from the 
Chairman or Chief Executive. Without this, time and effort will be wasted. 
Customer orientation must then be acl-deved for each and every employee, 
directors and managers. The concept of internal customers and suppliers 
must be thoroughly understood and used. 
Do not buy product or services on price alone - look at the TOTAL COST 
Demand continuous improvement in everything, including suppliers. This 
will bring about improvements in product, service and failure rates. 
Continually improve the product or the service provided externally, so that 
the total costs of doing business are reduced. 
Recognize that improvement of the SYSTEMS needs to be managed 
Defining the performance standards expected and the systems to achieve 
them is a managerial responsibility. The rule has to be that the systems will 
be in line with the shared needs and expectations and win be part of the 
continuous improvement process. 
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6. Adopt modem methods of SUPERVISION and TRAINING - eliminate 
fear 
It is all too easy to criticize mistakes, but it often seems difficult to praise 
efforts and ad-iievements. Recognize and publicise efforts and adiievements 
and provide the right sort of trainin& facilitation and supervisiom 
7. Eliminate barriers between departments by managing the PROCESS - 
improve COMMUNICATION and TEAMWORK 
Barriers are created by "Silo Management" in wWch departments are treated 
like containers that are separated from one another. The customers are not 
interested in departments; they stand outside the organisation and see slices 
through it - the process. It is necessary to build teams and improve 
communications around the processes. 
8. Eliminate the following 
" Arbitrary goals without methods. 
" All standards based only on numbers. 
" Barriers to pride of workmanship. 
" Fiction. Get FACIS by using the correct TOOI. S. 
At all times it is essential to know how well the organisation is doing in terms of 
satisfying the customer's needs and expectations. Help all employees to know how 
they will achieve their goals and how well they are doing. 
Traditional piecework will not survive in a TQM environment or vice versa because 
it creates barriers and conflict. Train people to measure and report performance in 
language that the people doing the job can understand. Encourage each employee 
to measure his/her own performance. Do not stop with measuring performance in 
the organisation. Find out how well other organisations (competitive or otherwise) 
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are performing against similar needs and expectations (benchmark against best 
practice). The costs of quality mis-management and the level of fire fighting are 
excellent factual indicators of the internal health of an organisation. They are 
relatively easily measured and simple for most people to understand. 
9. Constantly educate and retain-develop the "IDCPERTS" in the business 
The experts in any business are the people who do the job every day of their 
lives. The 'Energy' that lies within them can be released into the organisation 
through education, trainin& encouragement and the chance to participate. 
10. Develop a SYSTEMATIC approach to manage the implementation of 
TQM 
TQM should not be regarded as a woolly-minded approach to running an 
organisation. It requires a carefully planned and fully integrated strategy, 
derived from the mission. That is why it will help the organisation to realize 
its vision. 
Figure 4.2 shows a TQM model, that identifies customer-supplier relationships, 
manage processes, change the culture, improve communication and show 
commitment surrounded by the management necessities of the systems (based on 
international standard), tools (for analysis, correlations and predictions for action 
for continuous improvement to be taken and teams (the council, quality 
improvement teams, quality circles and corrective teams). The model is in a multi- 
dimensional TQM Tisioný against which a particular organisationýs status can be 
examined or against which a particular approach to TQM implementation may be 
compared and weaknesses highlighted. 
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Figure 4.3: Total Quality Management Model 
Source: John Oakland (1995) Total Quality Management text with cases. 
4-5.2 Tools and Techniques of TQM 
4.5.2.1 Seven old tools 
Most of the seven old tools have been used for many years. Like the quality circle 
technique, it is not the tools themselves that are really new. Rather it is their use as 
an integral part of TQM. The tools are just ways to display information visually, 
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ways that help managers or those responsible for quality and performance see how 
a system or process is operating. Managers can then interpret information to 
identify problems, look for causes and take a rational approach to solving the 
problems that are identified. 
The seven tools are listed by Sashkin and Kiser (1993) as follows. 
1. Control Charts 
2. Pareto Charts 
3. Fishbone Diagram 
Run Charts 
Histograms 
6. Scatter Diagram 
Flow Chart 
(rhe source of all diagrams is Sashkin and Kiser, 1993). 
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1. Control Charts 
UPPER CONTROL LIMIT ( UCL 
235 
rn 
-0 
215 
E-4 
195 
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5 10 15 20 25 30 35 40 45 50 
SAMPLE NUMBER 
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DATE 
Figure 4A : Control Charts 
Control charts display the results of statistical process control measures. They 
provide a clear visual display that quickly tells one when a process is out of control. 
The production process can then be corrected and brought back into control. In a 
normal distribution most of the measures are dose to the overall mean or average, 
few things are ever exactly average. The typical or average difference of the 
random measures from the overall mean is call the "standard deviation7. 'Me 
standard deviation tells how variable a measurement is. To set up a control chart 
one must obtain sample measures and then determine the average and the range. 
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Then the upper control limit (UCL) and lower control limit (LCL) can be calculated 
based on an estimate of variability and assuming a normal distribution. Every 
control chart shows the (UCL) and (LCL) so one can easily see whether the actual 
measures ever exceed the (UCL) or go below the (1, Cl-). 
2. Pareto Charts 
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Figure 4.5: Pareto Chart 
Others 
A Pareto chart is a simple tool, used to count and display the number of defects or 
problems of various types over a certain period of time. The results, are displayed 
on a chart as bars of varying lengths. The under lying principle, based on the work 
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of the nineteenth-century Italian economist Vilfredo Pareto, is that about 80 percent 
of all problems can be traced to only 20 percent of a the varied possible causes, the 
remaining 80 percent of causes account for only 20 percent of the problems and 
defects. 
To get the most out of improvement efforts, one should always begin by attacking 
those few causes that are responsible for the majority of all quality problems. Pareto 
charts help identify the relatively few categories of causes that account for most 
problems. Ihe chart can also be useful for identifying points in the production 
process at which defects of certain types are most likely to occur. 
3. 
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Figure 4-6: Fishbone Diagram 
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Sometimes called cause-and effect or Ishikawa. Diagram (after Kaor Ishikawa, who 
first developed this tool). The diagram looks somewhat like a fishbone, with the 
problem on detect-the effect-defined at the "head", on the "bones" growing out of 
the "'spine" occurrence. The chart can help point put how various separate 
problems causes might interact. It also shows how possible problem causes occur 
with respect to one another, over time, helping to start the problem-solving process. 
4. Run Charts 
0-35- 
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0.1 -V 
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Figure 4.7. - Run Chart 
Run Charts, sometimes called Trend Charts; are used to display measurements 
made over specific time intervals -a day, a week or a month, for example. One can 
then construct a graph, with the quality measured on the vertical axis and time 
along the horizontal axis. A Run Chart is little more than a running tally. Its major 
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use is to help determine whether there are critical times that problems of various 
types occur. One can then investigate why this is so. 
5. Histograms 
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Figure 4.8: Histograms 
A histogram is also known as a Bar Chart. On this chart the number of products in 
each control category (that is, at each of a number of separate, measured values) is 
represented by the length of a bar. Each category is labelled and the bars are place 
next to one another, horizontally. This shows which categories account for most of 
ffie measured values as well as the comparative size of each category. Histograms 
give a picture of the actual distribution of measures. They can show whether or not 
the distribution is normal. 
99 
6. Scatter Diagram 
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Figure 4.9: Scatter Diagram 
Scatter diagrams provide a standard way of showing how one variable, for 
example tensile strength of a steel reinforcement bar, relates to another, such as the 
steel bar diameter. In the example shown, the strength of bar of various diameters 
was tested by pulling on the steel bar until it broke. The exact strength required to 
break each bar was then recorded. The results are graphed with diameter on the 
horizontal axis and strength on the vertical axis. It is then possible to clearly see the 
relationship between wire tensile strength and wire diameter. This sort of 
information is useful for product design. 
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7. Flow Charts 
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Figure 4.10: Flowcharts 
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Flow Charts, sometimes called input-output charts, give a visual description of the 
specific steps in a work activity. They can be extremely helpful for understanding 
exactly how things are being done and then determine how to improve that 
process. The procedure can be applied to the entire organisation to visually track 
and chart the way the organisation operates. 
Flow charts use certain standard symbols to refer to certain types of activities (such 
as decisions, shown by diamonds and activities shown by boxes) but these 
conventions are not as important as recording a dear description of the sequence of 
work activities. Flow Charts can also be used to design improved work processes, 
by showing how things should happen and comparing this with the way things 
actually occur. 
4.5.2.. 2 Seven new tools 
Seven new tools may be used as part of quality function deployment to improve 
the innovation processes. These do not replace the old seven tools described 
previously neither are they extensions of these. The new twls are systems and 
documentation methods used to achieve success in design by identifying objectives 
and intermediate steps in the finest detail. The seven new tools are listed by John S. 
Oakland (1995) as follows: 
1. Affinity diagram. 
2. Inter-relationship diagraph. 
3. Tree diagram. 
4. Matrix diagram or quality table. 
S. NUtrix data analysis. 
6. Process decision programme chart (PDPC). 
7. Arrow diagram. 
(1he source of aH diagrams is Oakland, 1995). 
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Affinity diagram Interýrlationship digraph 
I 
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Figure 4.11: The seven new tools. 
1. Affinity Diagram 
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Figure 4.12: Example of an Affinity diagram 
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This is used to gather large amounts of language data (ideas, issues, and opinions) 
and organise them into groupings based on the natural relationship between the 
items. In other words, it is a form of brainstorming. The affinity diagram is not 
recommended when a problem is simple or requires a very quick solution. The 
output of the exercise is a compilation of a maximum number of ideas under a 
limited number of major headings. These data can then be used with other tools to 
define areas for attack. One of these tools is the inter-relationship diagram. 
Inter-relationship diagraph 
System is out 
of control 
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Too much 
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Figure 4.13: Example of the inter-relationship diagraph. 
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This tool is designed to take a central idea, issue or problem and map out the 
logical or sequential links among related factors. While this still requires a very 
creative process, the inter-relationships digraph begins to draw the logical 
connections that surface in the affinity diagram. 
The inteffelationsl-dp diagraph is adaptable to both specific operational issues and 
general organisational questions. It has also been used to deal with issues 
underlying the problem of getting top management support for TQM. 
3. System Flow/ Tree Diagram 
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Identify data now 
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Figure 4.14: Example of a tree diagram. 
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The Systems Flow/Tree diagram is used to systematically map out the full range of 
activities that must be accomplished in order to reach a desired goal. It may also be 
used to identify all the factors contributing to a problem under consideration. 
Major factors identified by an interrelationsl-tip diagraph can be used as inputs for a 
tree diagram. One of the strengths of this method is that it forces the users to 
examine the logical and chronological link between tasks. This assists in preventing 
a natural tendency to jump directly from goal or problem statement to solution. 
Matrix Diagram 
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Figure 4.15: Example of matrix diagram (quality table). 
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The matrix diagram is the heart of the seven new tools and the house of quality. 
The purpose of the matrix diagram is to outline the inter-relationships and 
correlations between tasks, functions or characteristics and to show their relative 
importance. There are many versions of the matrix diagram but the most widely 
used is a simple L-shaped matrix known as the Quality Table. 
Quality Table: In a quality table, customer demands (Me what's) are analysed with 
respect to subtitle quality characteristics (the how's). Correlations between the two 
are categorized as strong, moderate and possible. The customer demand shown on 
the left of the matrix is determined in co-operation with the customer. This effort 
requires a kind of a verbal 'Ping-Pong' with the customer to be truly effective; ask 
the customer what he wants, write it down, show it to the customer and ask the 
customer if that is what was meant then revise and repeat the process as necessary. 
5. Matrix Data Analysis 
1ýIaintenance work 
Repair method 
40 Remove damaged section of 
work and rebuild 
Surface repair 0 
Replaster and 
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only 
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FigUre 4.16: Example of matrix data analysis 
Effectiveness 
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Matrix data analysis is used to take data displayed in a matrix diagram and arrange 
them so that they can be more easily viewed and show the strength of the 
relationship between variables. It is used most often in marketing and product 
research. The concept behind matrix data analysis is fairly simple but its execution 
can be complex. 
A good idea of the use and value of the construction of a chart for matrix data 
analysis may be shown in a simple example in which types of pain relievers are 
compared based on gentleness and effectiveness. This information could be used 
together with some type of demographic analysis to develop a marketing plan. 
Based on the information, advertising and product introduction could be effectively 
tailored for specific areas. New product development could also be carried out to 
attack specific niches in markets that would be profitable. 
6. Process Decision Programme Chart 
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Figure 4.17: Process Decision Programme Chart. 
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A process decision programme chart (PDPC) is used to map out each event and 
contingency that can occur when progressing from a problem statement to its 
solution. The PDPC is used to anticipate the unexpected and plan for it It includes 
plans for counter-measures on deviations. The PDPC is related to a failure mode 
and effect analysis and its structure is similar to that of a tree diagram. 
7. Affow Diagram 
Put shuttering 
Beginning or ending of an event 
10 = Job or activity 
*= RelationsWp between jobs. Take no time. 
Figure 4.18: Example of Arrow Diagram 
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The arrow diagram is used to plan or schedule a task. To use it, one must know the 
sub-task sequence and duration. This tool is essentially the same as the standard 
Gantt chart Although it is a simple and well-known tool for planning work, it is 
surprising how often it is ignored. The arrow diagram is useful in analysing a 
repetitive job in order to make it more efficient 
4.6 The main obstacles to implementing TQM within Bahrain 
construction industry 
4.6.1 General Obstacles 
The general obstacles to implement TQM in the construction industry in Bahrain 
are summarised as foRow. These points are conduded from the interviews 
conducted and questionnaires result. 
A. In the construction industry there are many parties involved in the process 
of constructing a project e. g. consultant, client, main constructor, sub- 
constructors and suppliers. All these parties have different cultures, 
backgrounds and managerial skills. Many organisations collaborate in the 
construction industry to produce a project, and from one project to another 
the players change. The business structure and contractual relationships of 
the parties involved in the production of a project, can sometimes make the 
implementation of the TQM virtually impossible. Each organisation has its 
own rules, regulations and policies. 
For TQM to succeed, the senior management of an organisation must be 
fully committed to quality, and the achievement of quality for its client must 
be a primary organisational aim. TQM is achieved by: using TQM tools to 
achieve the aim of quality for clients; and creating an appropriate culture 
with shared values and beliefs. The adopted Culture should support the aim 
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of quality and encourage the commitment of all. organisation members to 
that end. 
B. Usually, quality is easily achieved if it has one single designated party 
responsible for establishing where, when and how the error or mistake 
occurred. However, there must be common ownership of the process. In the 
manufacturing industry there are usually customers who are going to use 
the end product while in the construction industry it is more complex as 
there are considerably more internal customers other than shareholders. The 
internal customers are designated as those who are not the end users, but 
whose material, equipment or labours are used in the ultimate construction 
of a project. In the construction industry there are the main constructors, the 
trade constructors and the suppliers. The exterrial customers in the 
construction industry are the client who is going to receive the project 
according to the specified quality, within a budget and hopefully within 
time. 
4.62 Specific obstacles 
The owner 
The owner's brief, needs and requirements are passed to the design team. 
Architects and engineers are responsible for interpreting the owner's brief into a set 
of specific written and drawn instructions, plans and specifications. Design is then 
translated into actual physical construction using these instructions. These 
instructions are the basis of quality of most construction projects. Not every client is 
precise, definite and dear with these instructions. This makes it difficult for the 
designer to get the instructions as dear as possible with regard to budget, standard 
of quality and level of function of the project with regard to the investment return. 
Also, as the project progress, market conditions outside of the clients control may 
make it necessary to change the performance criteria for the project. 
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When quality brief is given in a proper way to the design team, the owner must 
ensure that this level is attained at all times; from the concept to the completion of 
the project which is not the case in many projects due to the extra fees needed or 
relying fully on the architect for plans and specifications. Fast tracking of projects 
may also create a problem through lack of early design details. Ashworth (1998) 
stated that fast tracking results in the letting and administration of multiple 
construction contracts for the same project at the same time. It is appropriate to 
large construction projects where the employer needs to complete the project in the 
shortest possible time. The process results in the overlapping of the various design 
and construction operations of a single project. These various stages may therefore 
result in the creation of separate contracts or a series of phased starts and 
completions. When the design for a whole section of the works, such as 
foundations, is completed the work is then let to a contractor, who will start this 
part of the construction work on site while the remainder of the project is still being 
designed. 
Architects and Engineers 
Design teams have direct input over building product quality, in addition to having 
direct control over the selection of materials, systems and design. These teams play 
a vital role in the success of any quality management programme for construction 
projects. 
Contractual arrangement way result in professional liability and risk being 
transferred to other team members, including the constructors and trade 
constructors. Architects and engineers justify such actions by claiming their fees 
and the costs of their insurance premiums for professional liability are not in 
proportion to the risks of the construction process. 
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Architects and engineers should involve the constructors in the pre-construction 
phase, construct ability and value engineering reviews may not be completed if the 
constructors are not involved, thus preventing the owner from enjoying the full 
benefits offered by the industry. Also new and better quality methods, systems or 
materials available at or below the originally specified product cost may not be 
used simply because of concerns over professional liability should failure occur as a 
result of being innovative. 
Project Managers 
Ashworth (1998) stated that the function of a project manager is to provide a 
balance between function, aesthetics, quality control, economics, and the time 
available for construction. The project manager's aims are to achieve an efficient, 
effective and economic deployment of the available resources to meet the 
employers requirements, interpreting them as necessary and communicating them 
dearly to the various members of the design team and through them to the 
constructor. 
Sometimes the project manager oversees the general constructor and trade 
constructors as a consultant In certain situations, when the project manager, acts as 
the consultant another layer of management is added to the project manager team 
which further complicates quality processes. In this situation, the actual control of 
finished product quality is less defined particularly when the prciect manager is 
operating under a fee arrangement. In this type of procurement format, managers 
have little if any contractual responsibility other than consulting. 
Team members, including the architect, may defer quality issues such as shop 
drawing review, material substitution approval and trade contractor selection to 
the project manager. The project manager, having no contractual obligation, may 
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not have the same goals as the owner in terms of quality, cost and time but makes 
decisions concerning these matters. 
General constructors 
It is difficult nowadays to appoint a general constructor who actually completes a 
project's site work with his or her own construction workers. They emphasis on 
sub-contracting the works to reduce their exposure to liability and loss of profits. 
The only staff provided by the constructors and project managers is usually 
restricted to management staff and possibly site engineers. The reduced amount of 
work completed by the constructors has made it necessary for them to improve 
their ability to monitor and control quality. Smith (1995) stated " As a general rule 
constructors should be independent self-sufficient and 'at arm! s length' and 
promoter's aim should be to manage the contract, not the constructors. " 
Trade constructors and sub-constructors 
As it is the constructors workers that do the actual physical construction, trade and 
sub-constructors have direct influence over the finished project quality, however, 
they have little if any influence over process quality controlled by the design team 
and the general project manager or the general constructor. 
There is growing recognition in the construction industry of the need to move away 
from confrontational relationships, which cause the majority of disputes, problems, 
delays and ultimately expense Ashworth (1998). Trade constructors and sub- 
constructors could benefit from partnering fluough long-term commitment with 
the main constructors, for the purpose of ad-deving specific business ollectives by 
maxin-dzing the effectiveness of eadi participanes resources. 
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Construction Workers 
The construction workers have an influence over the quality of the project While 
the architects and other members of the design choose the products to be 
incorporated into a building, constructors workers control the quality of installation 
and the resulting quality of the completed project 
Especially in the Arabian Gulf region, it has been common for construction workers 
to be dominated by new immigrants who are paid minimum or slightly above 
minimum wages, most if not all have little training. The only training they gain is 
on the job training, with no little or formal programmes to ensure that they are 
receiving proper training. They are subsequently put quickly into positions of 
increasingly technical responsibility. 
Material Suppliers 
The construction industry as a whole has not invited participation by 
manufacturers as contributing team members for process improvement With the 
leading TQM programmes occurring in the manufacturing sector, the construction 
industry could well learn from these programmes and the advice manufacturers 
can offer on process improvements for the construction project can be crucial. 
For example, an effective process requires a review of a proposed design by 
manufacturers involved to ensure that products are compatible and to prevent 
construction problems during site construction. Few designers utilise this option. It 
is the manufacturers that best know and understand their products abilities and 
limitations, consequently a manufacturers advice during the design phase is often 
indispensable. The inclusion of manufacturers earlier can lead to product 
substitution that is in the interest of an owner or the overall project quality. 
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Building Codes 
Building codes directly control the minimum standards of many components of a 
building project and are responsible for much of the finished project quality. 
Regulations controlling the manufacturing of the construction processes are much 
more restrictive in the construction site than in most manufacturing and service 
industries. 
Building codes and regulations can often restrict the ability of constructors and 
their construction workers from instituting any work method improvements 
without a lengthy approval process. By the time approval has been obtained a 
project would long since have been completed, thus there is often little incentive for 
attempting a gain approval of the proposed method. Additionally, manufacturers 
of construction materials and systems face a similarly long and costly process of 
approval that increases the cost and time necessary for implementing 
improvements in a building product. 
4.7 TQM and Partnering 
Partnering is a quality management improvement process in a long-term 
commitment between two or more organisations for the purpose of achieving 
business objectives, CII (1991). By opening communications among the project 
management personnel of all the organisations involved, the team completes the 
project in a team spirit, with all members working together to reach mutual project 
goals. It creates a team environment to accomplish a set of goals. Using the 
partnering concept, individuals learn to respect other team member's roles in a 
project and recognize the inherent risk associated with their professional 
responsibilities Kubal (1994). 
Improvement Goals of Partnering include the following 
9 Open communication. 
116 
Profitability of all team members. 
Improved schedules. 
Improved safety programme. 
Better business reputations. 
Innovations. 
Reductions in or elimination of dependence on legal assistance. 
Improved levels of trust among the individuals and companies. 
Kubal (1994) listed some of the partnering components as detailed below. 
The individual team members make each other aware of their individual goals. 
The team defines the common objectives. 
A structured programme is evolved for determining how to co-operate to reach 
the individual and common goals. 
A method of accountability, measurement and evaluation of these goals is 
established. 
Open communications are established to resolve problems before they become 
more serious. 
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Table 4.3: Relationship between Partnering and TQM 
Source: NEDCs Working Party (1991) P 32. 
Partnering TQM 
Win-win solutions Reduce Quality Cost 
Long-term relationships Long-term Process 
Trust and openness Breakdown Barriers 
Environment for long-term profitability 
for all 
Reduced Quality Costs 
All are encouraged to address problems 
openly 
Breakdown Barriers 
All understand that neither benefits from 
exploitation of the other in the long-term 
Breakdown Barriers 
Innovation is encouraged Continuous Improvement 
Each partner is aware of the other's needs 
and is interested in helping their partner to 
meet their requirements. 
Understanding customer needs and 
meeting them 
4.8 TQM and ISO 9000 
Since its introduction in 1987, national standards bodies all over the world have 
adopted the ISO 9000 almost universally. Within each nation, there has been a 
pattern of lateral expansion starting in heavy manufacturing industries and moving 
into lighter manufacturing organisations and then into government and service 
organisations. At the same time, major companies have influenced their suppliers 
to establish ISO 9000-based quality systems. They, in tum have required their own 
suppliers to do the same. 
The ISO 9000 series of standards have become an internationaRy recognised means 
of managing contracts. At the present time, quality systems based on specifications 
may be found in organisations in aR sectors ranging from chemical plants and 
clothing manufacturers to banks, hospitals and sports facilities. 
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ISO 9000 is a formal framework within an organisation, wl-dr-h is intended to 
provide adequate controls at every step in the management of a contract with a 
customer. The necessary scope of these controls depends on the scope of the 
organisationýs activities or processes. However, ISO 9000 specifies requirements for 
controls at each stage of the organisationýs core process from receiving an enquiry 
or invitation to tender to delivering the product and, where appropriate, providing 
after sales support (servicing). It also specifies requirements for supporting 
processes, such as training and document control. 
The scope of requirements in each standard is intended to be appropriate to the 
range of activities in certain t . yTes of organisations. 
ISO 9001 is appropriate for an 
organisation which designs or develops products. LSO 9002 is also appropriate for 
an organisation, which manufactures a product or provides a service in accordance 
with a given specification. SO 9003 may be appropriate in a few organisations; 
where inspection or tests are considered to provide adequate assurance of quality. 
Quality assurance workshop notes (1997). Internal auditor, organised by Bahrain 
society of engineers. 
Total quality is a process to give continuous improvement in the performance of all 
activities with the participation of all individuals in the organisations, to provide 
satisfaction for customers, both internal and external and includes principles, tools 
and tedmiques. 
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Table 4.4: The difference between TQM and ISO 9000 
Source: "TQM & ISO 9000 for Architects and designers " by Charles Nelson, 1996 
TQM IS09000 
Definitely customer focused Not necessarily customer focused 
Integral customer strategy Not integrated with corporate strategy 
Philosophy, concept, tools and techniques 
focused 
Technical systems and procedures focused 
Emphasis on employee involvement and 
empowerment 
Employee involvement not necessary 
Continuous improvement and TQM 
synonymous. TQM a never-ending 
journey. 
Formal procedures and guidelines-no 
focus on continuous improvement 
Organisation-wide all departments, 
function and levels. 
Can be departmentally focused 
Everyone responsible for quality Quality department responsible for quality 
Involves process and culture change More likely to preserve the status quo. 
4.9 TQM and Quality Assurance (QA) 
Quality assurance (QA) is only part of total quality (rQ). Quality assurance is the 
prevention of quality problems through planned and systematic activities 
(including documentation). These will include the establishment of a good quality 
management system and the assessment of its adequacy, the audit of the operation 
of the system, and the review of the syste rn itself. Total quality is a process to give 
continuous improvement in the performance of all activities with the participation 
of all individuals in the organisation, to provide satisfaction for customers, both 
internal and external, and includes principles, tools and techniques. The B55750 
and ISO series provide excellent quality systems for Quality Assurance. 
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Table 4.5: The difference between QA and TQ 
Source: ECI (implementing TQ in the construction industry) 1996. 
Quality Assurance Total Quality 
QA is only part of TQ. It is a systematic TQ is a process to give continuous 
approach which gives adequate improvement in the performance of all 
confidence and satisfies given activities which provides satisfaction for 
requirements customers, both internal or external and 
includes principles, tools and techniques 
Part of quality improvement process A process for continuous improvement 
A systematic approach influencing Changes attitudes and the working 
attitudes of working environment which environment and provides tools, 
are met every time techniques and systems for continuous 
improvement 
Aims to ensure customers' requirements Creates a "right first time" attitude to 
are met every time delight customers 
Provides a base line for measuring the cost Cost of quality is recognized as vital and 
of quality provides measurement for continuous 
improvement 
Provides confidence to the customer of the The suppliers of the product or service is 
quality of the product or service recognized as a quality company by 
customers and employees 
Provides the means to reduce waste Seeks to eliminate waste 
Enhances publicity and image Attracts publicity and company used as 
role model for quality 
Provides procedures for doing things right Provides for doing the right things right 
Improvement is by eliminating recurring Improvement is by cultural change based 
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problems on measurement of performance and 
elimination of root causes and constraints 
Requires a structured organisation and Creates a culture in the organisation that 
statement of key responsibilities seeks to improve in all its activities 
continuously 
Directive and provides Procedures for all Focuses on a full understanding of the 
activities and working practices various business processes by the day to 
day involvement of all concerned 
Provides quality records of all activities Uses quality records for measurement and 
for continuous improvement 
The system relies on regular monitoring Involves gatherings ideas and suggestions 
and audits to identify and correct non- for improvements from everyone 
conformances and improve procedures 
Regular management reviews of the Stresses the importance that products and 
procedures and working practices leads to services delivered to the customer 
improvement (whether internal or external) meet the 
requirements whether specified or not 
Ensures that people are trained and Ensures that everyone in the organisation 
experienced receives education and training to enable 
them to do their job effectively and 
achieve personal satisfaction 
4.10 Quality Cost 
Quality costs are all. the costs incurred by a business to ensure that the total service 
it provides to customers conforms to the custome& requirements Munro Faure 
(1992). The cost of quality is a shordiand. formula for all the business costs incurred 
in achieving a quality product or service Bank (1992). 
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Quality cost may be separated into prevention costs, appraisal costs and failure 
costs. The so-called P-A-F model was first presented by Feigenbaum. Failure costs 
can be further split into those resulting from internal and external failure Oakland 
(1995) the fluee quality costs are as follow. 
Prevention Costs 
These are associated with the design, implementation and maintenance of the TQM 
system. Prevention costs are planned and are incurred before actual operation 
Oakland (1995). Prevention costs include: Production or Service Requirements, 
Quality Planning, Quality Assurance, Inspection Equipment and Training. 
Appraisal Costs 
These costs are associated with suppliers and customers, evaluation of purchased 
materials, processes, intermediates, products and services to assure conformance 
with the specified requirements. Appraisal includes: Verification, Quality Studies, 
Inspection Equipment and Vendor Rating. 
Internal Failure Costs 
These costs occur when the results of work fail to reach designed quality standards 
and are detected before transfer to the customer takes place. Internal failure 
includes: Waste, Scrap, Rework or Rectification, Re-inspection, Downgrading and 
Failure Analysis. 
External Failure Costs 
These costs occur when products or services fail to reach design quality standards 
but are not detected until after transfer to the customer. External failure includes - 
Repair and Servicing, Warranty Claims, Complaints, Returns, Liability and I. Am of 
Goodwill. 
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(D 
Quality awareness and improvement 
Figure 4.19: Increasing quality awareness and improvement activities. 
Source: British Standard BS6143, (1991). 
The above figure shows the relationship between the quality-related costs of 
prevention, appraisal, failure, increasing quality awareness and improvement in 
the organisation. Where the quality awareness is low, the total quality related costs 
are high with the failure costs predominating. 
As awareness of the cost to the organisation of failure gets off the ground, through 
initial investment in trainin& an increase in appraisal costs usually results. As the 
increased appraisal leads to investigations and further awareness, further 
investment in prevention is made to improve design features, processes and 
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systems. As the preventive action takes effect the failure and appraisal costs fall 
and the total cost is reduced. 
4.11 Review of recent researches in Quality 
Department of Trade and Industry (DTI) 
Every year, the (DTI) invests about E22m in a programme of construction-related 
innovation and research. The prime purpose of this programme is to foster a 
climate of innovation in which the UK construction industry improves its 
profitability, perhaps its competitiveness and most importantly enhances project 
value for its clients, while promoting sustainable construction and improving the 
quality of life for building occupants DTI Business Plan (1998). In 1998-99, the (DTI) 
used a L26m innovation and research budget to help improve the competitiveness, 
quality and performance of the UK construction industry. 
The programme is part of the delivery mechanism within the Construction 
Directorate (CD) of (DTI) which has strategic aims to help the sectors of the 
construction industry to succeed in their domestic and world markets by achieving 
the standards of innovation, quality, reliability, safety and value which its 
customers require DTI business plan (1998). Among CD's objectives are as follows. 
Increase its understandings of the construction market, the concerns of each 
sector of industry and the factors affecting competitiveness. 
Ensure that their issues are taken into account in Government and the European 
Union. 
Support industry efforts to improve competitiveness, in particular the 
achievements of 30 percent cost reduction by the year 2000 through improved 
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process, better training and qualified targeting with the help of the Construction 
Task Force Chaired by Sir John Egan. 
Stimulate and support best practice, research and innovation and encourage 
industry representative bodies to improve their capacity to address these issues. 
Work for effective and fair legislation, which protects consumers, and those who 
work in the industry, while minimizing the burden on it 
Actively support the industry effort to sell its goods and services in overseas 
markets and to addeve import substitution at home. 
The DTI promotes improvements in the construction industry's competitiveness 
and productivity through the Construction Industry Board (CIB) and has 
supported: 
" The development of key performance indicators to meet the requirements 
identified by the Construction Task Force aims to improve the content of 
statistical publications. Furthermore, as part of its Public Service Agreement, the 
Department will set new targets for efficiency in the construction industry. 
" Innovative and successful UK construction companies and the movement for 
Innovation has started to monitor innovative construction projects and made 
the results known through the Construction Best Practice Programme. 
" The publication of a strategy for sustainable construction and the establishment 
of knowledge centre as recommended by the Construction Task Force. 
The improvement by health and safety within the buildings we all use, as well as 
energy conservation and access to buildings for disabled people. 
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Latham. Report 
In 1994, Sir Michael Latham. presented "The Final Report of the Government 
Review of Procurement and Contractual Arrangements in the UK Construction 
Industry- constructing the team which was commissioned jointly between the 
Government and the industry. Utham. 1-dgl-dighted in the final report that despite 
widespread agreement on three previous constructions related reports by Simon, 
Sir Harold Emmerson and Banwell, there had been little in the way to follow up 
action. Some of the recommendations made in the final report include the following 
Latham. Final Report Constructing the Team (1994) include the following. 
" Implementation begins with clients. 
" Preparing the project and contract strategies and brief requires patience and 
practical advice. 
"A checklist of design responsibilities should be prepared. 
" Use of co-ordination project information should be a contractual 
requirement. 
" Design responsibilities in building services engineering should be dearly 
defined. 
" Endlessly refining existing conditions of contract will not solve adversarial 
problems. A set of basic principles is required on which modem contracts 
can be based. 
A DTI task force should endorse one of the several quality and price 
assessment mechanisms already available for choosing consultants. 
Tender fist arrangements should be rationalized and dear guidance issued. 
Clients on quality as well as price should evaluate tenders. 
A productivity target of 30 percent real cost reduction by the year 2000 
should be launched. 
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* An Implementation Forum should monitor progress and should consider 
whether a new Development Agency should be created to drive 
productivity improvements and encourage teamwork. 
Egan and the Construction Task Force 
In October 1997, the Construction Task Force, Chaired by Sir John Egan was 
commissioned. by the Deputy Prime Minister to report on the scope for improving 
the efficiency and quality of delivery of UK Construction, to reinforce the impetus 
for change and to make the industry more responsive to customer needs. It 
published its report, Rethinking Construction in July 1998, with the initiative 
launched at a conference in November 1998. 
The main issues raised by Egan in the report are as foHows. (DTI - Rethinking 
Construction - Sir John Egan (1998). 
9 71he Task Force has identified five key drivers of change which are needed to set 
the agenda for the construction industry at large: committed leadership, a focus 
on the customer, integrated processes and teams, a quality driven agenda and 
commitment to people. 
o Ambitious targets and effective measurement of performance are essential to 
deliver improvement 
9 The Task Force targets include annual reductions of 10 percent in construction 
cost and construction time and also propose that defects in projects should be 
reduced by 20 percent per year. 
* The need to make radical changes to the processes through which it delivers its 
projects. These projects should be explicit and transparent to the industry and 
its clients. The industry should create an integrated project process around the 
four key elements of product development, project implementation, partnering 
the supply chain and production of components. 
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9 If the industry is to achieve its full potential substantial dianges in its culture and 
structure are required to support improvement The industry must provide 
decent and safe working conditions and improve management and supervisory 
skills at all times. 
* The industry must replace competitive tendering with long-term relationships, 
based on dear measurement of performance and sustained improvements in 
quality and efficiency. 
* The Task Force has looked specifically at house building and believes that the 
main initial opportunities for improvements in house building performance 
exist in the social housing sector for the simple reason that most social housing 
is commissioned by a few major clients. 
9 The major clients of the construction industry must give leadership by 
impIementing projects, which will demonstrate the approach described, to join 
in sponsoring demonstration projects. 
* Initiate a movement for diange in the construction industry, for radical 
improvement in the process of construction. This movement will be the means 
of sustaining improvement and sharing learning. 
9 The Task Force invites the Deputy Prfine Minister to turn 1-ds Department's Best 
Practice Programme into a knowledge centre for construction, whicli will give 
the whole industry, and all of its client's access to information and learning 
from the demonstration projects. 
e The Public Sector has a vital role to play in leading development of a more 
sophisticated and demanding customer base for construction. The Task Force 
invites the Govemment to conunit itself to leading public sector bodies towards 
the goal of becoming best practice clients seeking improvements in efficiency 
and quality through the methods proposed by the Task Force. 
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The Construction Industry Board (CIB) 
(At the time of writing-up this thesis CIB was in the process of being part of the 
Strategic Forum for Construction). 
The Construction Industry Board (CIB) was established in 1995 to improve the 
performance of the UK construction industry, and to implement the 
recommendations of Sir Nfichael 1-, athamýs 1994 report "Constructing the team". Its 
main objectives have since been modified in accordance with complementary 
agenda to merge from the 1998 Sir John Egarýs report "Rethinking Construction7, it 
provides a forum for liaison between suppliers and customers from the private and 
public construction sectors with central government. The CIB's membership 
comprises four umbrella bodies of the 'supply' side of the industry and two 
umbrella bodies representing the public and private sector users of the industry's 
goods and services as listed below. 
" Construction Industry Council. 
" Construction Industry Employer's Council 
" Constructor's Liaison Group 
" Construction Products Association 
" Construction Clienfs Forum 
" DT1 
A major review of the CIB was announced in June 1999. This will. involve a 
fundamental reappraisal of the structure and role of the Construction Industry 
Board. 
4.12 TQM and SIX SIGMA PLUS 
Adams Associates in the United States of America introduced Six Sigma Plus, 
which specializes in synergistic combination of strategic planning, leadership and 
TQNL 
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Six Sigma Plus only operates under TQM, using the elements and tools of TQNL 
Six Sigma Plus leaders teach other members of Six Sigma Plus Project Team 
appropriate TQM philosophy, interfacing with management, coaching leadership 
skills, teaching TQM tools and changing systems to sustain Six Sigma Plus projects 
improvements. Once a Six Sigma Plus project is understood using tools and 
techniques of total quality management then alternatives are generated. Six Sigma 
Plus Project maintain improvements using Control Tools of TQM. This is define, 
measure, analysis, improve and control sequence. 
Six Sigma Plus was used in many services and processes such as, chemical plants, 
car industry, mobile phone industry, water plants, railway industry and many 
others. But it has been used very rarely in the construction industry. It was used in 
some engineering design offices, but not much in the construction industry as a 
whole. 
Objective of Six Sigma 
The objective of six sigma is to achieve world-class performance, a key element of 
which is Customer Loyalty. It seeks to develop Customer Loyalty to the point that 
even when approached by a competitor with new benefits, lower prices, better 
delivery, and additional features, the customer will allow the company the 
opportunity to address the competition claims. 
Definition of Six Sigma 
There are three different meanings used with the term Six Sigma: 
1. Philosophy of Six Sigma 
A philosophy or understanding that detects cost money (defect cost money). A 
way to become more profitable is to eliminate the defects. Organisations that do 
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this have a lower cost structure (be competitive producer) and are more likely to 
have loyal customers. 
2. Statistics of Six Sigma 
Six Sigma is a performance metric meaning that the product or service is 
performing at a level where the chances of a defect are less than 3.4 in a million 
opportunities (i. e. 3.4 part per million chances of defect rate. ) 
3. Process of Six Sigma 
Six Sigma is a methodology for working on projects utilizing specific phases. These 
are define, measure, analyse, improve and control when Six Sigma is used to 
describe a project. It is the application of these different steps for a specific project. 
The goal of the project is 3.4 ppm defective or less. 
World Class Performance 
Systems I People 
Strategy 
Figure 4.20: Adams Six Sigma Model 
Source: Adams Six Sigma associates 
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The model shows that the strategy is the foundation of all that occurs. Once the 
strategic plan and business plan are in place, the implementation plan must be put 
into action, there are people action plans and systems action plans. 
People Action Plans 
Are the process and activities associated with finding, training, developing and 
retaining people. Uadership and positive attitude development are two of the 
most important activities found in the people plan. 
Systems Action Plan 
Are all those processes that are in place, or should be in place, wid-dn the 
organisation. Integral to processes is the concept of improvement of these 
processes, which includes collection and analysis of data to be converted into useftd 
information and applied to the continuous improvement processes. 
Both systems feed into the invented triangle making up the organisations collective 
"customer foct&' activities and plans to produce the quality and "loyal customers. " 
The full benefit of Six Sigma Plus will not be realized without the active leadership 
of the Senior Management, which indudes the foHowing. 
1. A well-defined and clearly communicated strategy used in decision-making. 
2. A focus on the paying customer while internal services and processes may 
improve efficiency and productivity, paying customers decide if to stay in 
business or not 
A Six Sigma diampion able to access and con-unurdcate effectively with 
senior managers for guidance and direction. 
133 
4. Project leaders, experienced people trained in Six Sigma Plus methodology 
are needed to lead improvement efforts in the areas consistent with the 
organisational strategy. 
5. Project selection for Six Sigma Plus implementation may be the single most 
important indicator of success. Management must maintain responsibility 
for the success of the project just as they would for any other significant 
activity. 
6. There should be a formal review of Six Sigma project by the management on 
a regular basis. Success, problems, issues, shared leaming and of course 
results should be part of these reviews. 
Systems 
Systems are integral to the organisational processes and should be coupled with the 
concept of continuous improvement. Systems define how things are done within 
the organisation. Not all systems are formally developed and documented, indeed 
there can be considerable variation in how a specific system is used. 
Effective continuous in the system improvement demands that the management 
collect and analyse needed data and convert into useful information that provides 
the organisation with needed information as to how to effectively institute change 
to gain desired business results. 
4.13 Summary 
This chapter explains the meaning, principal tools and techniques of TQM, and its 
application to the construction industry. The information given is sufficient to 
develop a framework to implement TQM to any construction organisation. The 
evolution of TQM developed between the 195(Ys - 1990's, as the quality cl-tanged its 
function with the passage of time. 
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1950's - Inspection 
1960's - Quality Control 
1970's - Quality Assurance 
198(Ys - Quality Circles 
1990's- Total Quality Management 
TQM gurus have contributed to the training and practice of the quality 
improvement movement in two ways. Some concentrated on the philosophical 
aspects of quality improvement and others concentrated on the tools of quality. 
They are categorized into three categories as follow. 
The Early Americans 
Edwards Deming 
Joseph M Juran 
Armand V. Feigenbaum 
The Japanese Gurus 
Kaoru Ishikawa 
Genichi Tagud-ti 
SWgeo Shingo 
ne Westerners 
Philip B Cosby 
Management Philosophy 
Planning and Quality Costs 
Total Quality Control 
Tools 
Quality Circles 
Company wide quality 
Minimum Prototyping 
Poka-Yoke (Zero Defects) 
Awareness 
Zero Defects 
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Do it right first time 
Tom Peters Customer Orientation 
Claus Moller Personal Quality 
The gurus set down points of wisdom in management and leadership and many 
organisations used these to establish a policy based on quality. These points have 
been distilled and modified to ten points for senior management to adopt, Oakland 
(1995). These points are as foRow. 
1. The organisation needs long-term commitment to construct 
finprovement. 
2. Adopt the philosophy of Zero errors/defects to change the culture to 
right first time. 
3. Train the people to understand the customer-supplier relationship. 
4. Do not buy product or service on price alone- look at the total cost 
5. Recognize that improvement of the systems needs to be managed. 
6. Adopt modem methods of supervision and training - eliminate fear. 
7. Eliminate barriers between departments by managing the process - 
improve communication and teamwork. 
8. ERniinate the foHowing. 
" Arbitrary goals without methods. 
" All standards based only on numbers. 
" Barriers to pride of workmanship. 
" Fiction. Get facts by using the right tools. 
9. Constantly educate and retrain - develop the experts in the business. 
10. Develop a systematic approach to manage the implementation of TQM. 
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TQM tools are just ways to display information visually and to help managers or 
those responsible for quality and performance and see how a system or process is 
operating. There are seven old tools and seven new tools. 
TQM still has obstacles and barriers for its implementation in the construction 
industry; there are general and specific obstacles. The general obstacles refer to the 
type and nature of the product and the method of construction while the specific 
obstacles refer to the background of different parties involved in the construction of 
a project, with regard to the ways of implementing TQNL 
Recent research and developments in the quality of the Construction Industry 
indudes the foRowing. 
* Department of Trade and Industry (DTI) using E22 million a year imovation. 
and research budget to help improve the competitiveness, quality and 
performance of the UK Construction Industry. 
* Latham. Report: Constructing the Team. Several recommendations were made 
in the final report including cost reduction target of 30 percent. 
9 Egan Report: Rediinking Construction. ChaRenging the industry, raising 
issues such as teamwork, build ability, culture, partnering, safety, cost and 
quality. 
The Construction Industry Board (CIB) was established in 1995 to improve 
the performance of the UK Construction Industry and implement the 
recommendations of Latham and Eganýs reports. 
Six Sigma aims to achieve a world-dass performance, a key element of which is 
customer loyalty. It seeks to develop customer loyalty to the point that even 
when approached by a delivery, and additional features, Six Sigma is a 
methodology for working on projects utilizing specific phases. These are define, 
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measure, analysis, improve, and control. When Six Sigma is used to describe a 
project, it is the application of these different steps for a specific project The goal 
of the project is 3.4 parts per million defectives or less. 
To continue with the fiterature review a study of the use of information 
technology in the construction industry had to be taken which will be looked at 
in the next chapter. 
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CHAPTER FIVE 
THE USE OF INFORMATION TECHNOLOGY IN THE 
CONSTRUCTION INDUSTRY 
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CHAPTER FIVE 
THE USE OF INFORMATION TECHNOLOGY IN THE 
CONSTRUCTION INDUSTRY 
5.1 Introduction 
Quality in the construction industry relies heavily on the efficiency of the 
information used and on good communication throughout all the stages of the 
project, from pre-contract to post-contract and maintenance stage. It is now evident 
that the use of information technology is essential in the construction industry, to 
obtain the quality specified, speed and economy in any construction project 
Information technology is affecting almost every business, there is better effective 
communication in business as a result of information technology. The application 
of information technology to the tasks of managing personal affair or a business 
results in an information systen-L An information system includes more than simply 
the computer hardware; it includes the programmes that run on the system; the 
people who use the system; and the data available to the system. 
Information technology have changed rapidly over the past years to cater for the 
rapid changes in life and business. One of the challenges of information technology 
is how to use it to gain a competitive advantages over others in the same business. 
Methods include changing the way the organisation deals with suppliers; 
customers; and competitors, creating or changing its products and services, and 
improving its internal operations. 
The purpose of this chapter is to give an understanding of the construction 
documentations presently used in the construction industry and the application of 
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information tedmology systems, by analysing the field of construction 
documentation as it relates to managerial end users and the fundamental system 
concepts used in information tedmology systems. For managerial end users, the 
information system function represents a major source of information and support 
needed to promote effective decision making by managers. This is an important 
factor affecting operational efficiency, employee productivity and morale, customer 
service and satisfaction and is an important ingredient in developing competitive 
products and services that give an organisation strategic advantages in the global 
market place. 
This is how the idea of "PROMANSYS" and the application of TQM to the 
construction industry in Bahrain developed. To improve performance; 
communication; quality and be competitive over others in the same industry. The 
analysis and study of all the information and documentation used in the 
construction industry and the information technology system was a must to be able 
to fit the documents and information systems within the proposed dynamic model 
"PROXIANSYS" 
Where many of the construction industry documentation were used in 
"PRONLANSYS" (such as presentation of specification manual, bill of quantities, 
cash flow and budget control charts, planning (material/plant/labour) charts and 
reports) "PROMANSYS" could be considered as an information system in itself. 
Every member of the construction project, enters, processes and exchanges data 
and information related to the preject It is a base to fink all the information of the 
project together in one database software. This information system enters, retrieves, 
uses and continuously improves the project's information. It creates a process of 
standardisation of the information used in the project in-hand and for the future 
projects, where a library of data is stored and used whenever needed. Due to the 
fact that "PRONIANSYS" links all project team members within the information 
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system; the communication, understanding and implementation of the information 
becomes more accurate, effective and productive. 
5.2 Changing role of information in construction 
Harries and McCaffer (2001) stated that technological developments in the 
last few decades have elevated the role that information plays in the 
management of companies, and is causing a re-diink in the way 
organisations in general treat information, information systems and its 
associated technologies. Until the 1980s, managers in the construction 
industry generally did not concern themselves with how information was 
collected, processed and distributed wid-tin their organisations. The reliance 
on paper based communication formed an essential part of the most 
construction organisations, and often got in the way of real productive work 
The use of information within construction has seen a significant change 
from this position. Within the last three decades the concept of information 
for construction organisations has shifted from fl-tis role of general support 
for the constructorýs operations, to its use as a means for more effective 
managerial decision-making. The driving force for this shift in the role of 
information is to improve and speed up the decision-making processes of 
specific managers and executives in a broad range of tasks both at the project 
and company level. Figure 5.1 depicts this gradual shift in how construction 
companies have been deploying information over the last three decades. 
From the early 1990s, information has assumed a different role for 
construction organisations; from serving as decision support to one of a 
strategic resource. The effective deployment of information can affect the 
competitive-ness of construction companies. This emerging role of 
information impacts on the way construction businesses have to conduct 
their functional operations and how they are structured. The strategic 
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importance of this new role for information in construction derives from the 
simple fact that its activities at design, site, project and buiness level are 
dominated by information. The information is often in the form of 
documentation, such as drawings, specifications, and conditions that are 
communicated between parties. As a major resource for sustaining 
competitiveness, information and associated tedmologies need effective 
management if constructors are to benefit from the deployment of this 
resource. 
Period Information use in construction 
Up to 1960 1 Documentation for record keeping 
1960-1980 1 Support for operations and tasks 
1980-1990 
Managerial decision support 
1990 onward 
Strategic resource for I 
competitiveness 
Figure 5.1: Progressive change in role of information for constructors. 
Source: Harris and McCaffer (2001) 
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5.3 Analysis of the traditional construction documentation 
The Institution of Civil Engineers OCE) 6th edition Clause 1(1) (e) states that the 
contract consists of a bundle of documents comprising the following. 
0 Conditions of ContracL 
0 Specifications. 
0 Drawings. 
0 Bill of Quantities. 
0 Tender Documents. 
0 Written Acceptance. 
0 Contract Agreements. 
Conditions of Contract 
The Conditions of Contract seeks to establish the legal framework, within which 
the construction work is to be undertaken. Although the clauses afin to be precise, 
explicit and tc) concern any eventuality, disagreement in their interpretation does 
occur. It is preferable to use one of the standard forms available, rather than to 
devise ones own personal form. The Constructor Will tend to overprice the work 
even in times of shortage of work, to cover the additional risks involved. Unless 
there are very good reasons to the contrary, the Engineer should attempt to 
persuade the Employer to use one of the standard forms available. 
The modification of some of the standard clauses, or the addition of special clauses, 
should only take place in exceptional cases. It is inadvisable to make modifications 
to the conditions of contract, as the legal results may be different from what was 
intended. 
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The parties to a contract agree to take any dispute initially to arbitration rather than 
to the courts. This can save time, costs and adverse publicity that may be 
damaging to both parties. If the matter still cannot be resolved, it is then taken to 
court to establish a legal opinion Ashworth (1998). This is where the importance of 
partnering comes, as both parties get familiar and customized with each other's 
contract conditions, through a long-term commitment for the purpose of achieving 
specific business objectives, and avoid any confrontational relationships. 
The OCE) Conditions of Contracts contain 72 clauses that are grouped under 24 
headings or sections. The first edition was published in 1945. Subsequent editions, 
some with amendments, have resulted in the sixth edition dated 1991, but reprinted 
with amendments in November 1995. 
Specifkations 
Specifications means that specifications referred to in the tender, and any 
modification thereof or addition thereto may from time to time be furnished or 
approved in writing by the engineers OCE Clause 1 (g)) Allan Ashworth (1998). 
The specification should clearly identify the following. 
Quality of Materials. 
Standard of Workmanship. 
Samples of materials/finished work that will. be required. 
Tests, which are to be applied to the materials and workmanship. 
The specification describes in details the work to be executed., the character and 
quality of materials and workmanship, and any special responsibilities of the 
constructor not covered by the conditions of contract. It may also describe 
the sequence of the site operations; 
a method of construction to be adopted; and 
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0 the details of any facilities to be offered to other constructors or 
subcontractors working on the site. 
When drafting a specification, care should be exercised to avoid any possible 
conflict with the other contract documents. Where discrepancies do occur between 
the documents, the engineer will be requested to decide on the correct course of 
action to be followed. 'Ms may result in the issue of a variation under clause (52) 
of the conditions of contract. 
" The specification describes what is to be furnished and how it is to be installed, 
the drawings designate where it should be placed. Specifications are made up of 
words and may be defined as a description of the quality of materials and 
equipment to be used on a project and their application or instaRation7. Ayers 
(1975) and Jenses (1995) describes the different qTes of specifications available: 
Descriptive Specifications 
Detailed description of properties of a product or materials. 
Workmanship required for installation. 
Proprietary names are not used. 
The specifier assumes the burden of performance. 
Example: Concrete mix of four parts course aggregate, two parts fine aggregate, 
one part cement, with 0.5 water/cement ratio. 
Performance Specifications 
0 Statement of required results. 
0 All desired end results must be spelled out 
0 Criteria for verifying compliance must be included. 
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Reference standards may include words used in a different context than 
those same words used in the General Conditions. 
0 Inappropriate provisions often appear in Reference Standards. 
Proprietary Specifications 
0 Identification of produciCs manufacturer, brand, model, type. 
There are two types 
a) Open Proprietary Specification: 
0 AHows substitutions. 
0 Named product defines described properties and uses any acceptable 
quality. 
Substitutions are reviewed and allowed if approved. 
Example: Master spec. Language for an open specification is as follows: 
"Subject to compliance with requirements, products which may be 
incorporated in the work include, but are not limited to, the 
foRowing-" 
b) Closed Proprietary Specifications: 
0 No substitution. 
May specify one product 
May specify several products as options. 
Example: Master spec. Language for a dosed proprietary specification is as follows: 
"'Subject to compliance with requirements, provide one of the followings-. " 
Many problems and disputes between the parties involved in the construction 
contract are due to poor specifications. Some of the reasons for poor specifications 
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could be briefed as follows- Incomplete specification, vague and unclear 
specification, incorrect specification, wrong phrasing, unsuitable specification to 
the project, comple)dty in specification, inconsistent specification and no provision 
to settle the disputes, as specifications questionnaire survey results showed. 
Drawings 
This means the drawings referred to in the specification and any modification of 
such drawings approved in writing by the engineer and such other drawings may 
from time to time be furnished or approved in writing by the engineer. [ ICE Clause 
i (g)]. 
Ihe drawings will show the site location, the position of the works on the site, 
means of access to the site, plans, elevation, section, structural, mechanical and 
electrical designs. The inspection of these and other drawings is highly 
recommended since it may provide the opportunity for an informal discussion on 
the project with the designer. Each drawing should include the following. 
0 Name and address of the consultant 
Drawing number, for reference and recording purposes. 
Scale, ff more than one scale is used they should be of such dissimilar 
proportions that they are really distinguishable by sight 
0 Title, whicli will indicate the scope of the work covered on the drawing. 
Upon signing the contract, the contractor wiR be provided with further copies of 
the contract drawings. This may include copies of the drawing sent to the 
contractor with the invitation to tender, together with those drawings that have 
been used in the preparation of the bill of quantities and specification. The list of 
drawings will be included within the specification. It is usually necessary during 
the construction phase for the engineer to supply the constructor with additional 
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drawings and details. These may either explain and amplify the contract drawings, 
or, because of variations, identify and explain the dianges from the original design 
Ashworth (1998). 
The contract drawings must be the drawings on which the constructor tendered. It 
is not unusual for the architect to have made revisions on the original drawings, 
between the tender and the signing of the contract The contract drawing must be 
carefully scrutinized before signing, and if such revisions are present, the architect 
must be asked to restore them to their previous condition Chappell (1995). 
The Intermediate Form of Building Contract, 1984. 
(IFC 84) provides Four Options 
Contract drawing and specification prices by the constructor. 
Contract drawings and schedules of work priced by the constructor. 
Contract drawings and bills of quantities priced by the constructor. 
Contract drawings and the sum the constructor requires for carrying out 
the works. 
Lack of attention to detail during the design stage and preparation of the working 
drawings and missing information and errors in the drawings affect the quality of 
the project, and the flow of information and coordination at the site. According to 
the British Research Establishment (BRE), (1987) "In achieving quality on building 
sites". Two thirds of the 501 examples of poor quality observed on site were caused 
by design faults, 130 of these, were caused by unclear or missing project 
information. Other causes were lack of design co-ordination, poor construction 
ability and poor design. This demonstrates that the lack of sufficient flow and poor 
coordination between participants seriously affects quality in terms of design and 
construction faults. 
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Bill of Quantities 
The Bill of Quantities comprises a list of work to be carried out, providing a brief 
description and the quantities of the finished work in the project. In conjunction 
with the other contract documents, it forms the basis on which the tenders are 
obtained. When priced it allows tenders to be compared. When the contract has 
been agreed, the rates in the bill of quantities are used to value the work for interim 
payments, and are used to price the actual quantities of work. The Bill of 
Quantities allows each constructor tendering for a project to price on the same 
information with minimum effort The bin may indude firm or approximate 
quantities, depending upon the completeness of the drawings and other 
information from which it was prepared Ashworth (1998). 
Seeley (1979) describes the process and purpose of the Bill of Quantities as follows: 
The method of preparation of a Bill of Quantities can conveniently be broken into 
two processes. 
0 "Taking-off", in which the dimensions are scaled or read from drawings 
and entered in a recognized form on specially ruled paper, called 
'dimensions paper. 
"Working-up", whidi comprises squaring the dimensions, transferring 
the results( lengths, areas and volumes to the abstract, where they are 
arranged in a convenient order for billing and reduced to the recognised 
units of measurement Finally the billing operation, where the various 
terms of work making up the complete job are listed in fun, with the 
quantities involved in a suitable order under work section or elemental 
headings. 
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The purpose of Bill of Quantities 
0 It enables all constructors tendering for a contract to price on exactly the 
same information with a minimum of effort 
0 It provides a basis for the evaluation of variations, which often occur 
during the progress of the work. 
0 It gives an itemised list of the component parts of the building, with a full 
description and quantity of each part, and this may assist the successful 
constructc)r in ordering materials and assessing the labour requirements 
for the contracL 
0 It provides a good basis for a cost analysis, which subsequently will be of 
use on future, contracts in cost planning work. 
Tender Documents 
Constructors should be sent the tender document comprising of the conditions of 
contract, specification, bill of quantities and drawings, together with the 
'Instructions to Tenders(. These instructions outline the contractor's obligations, 
explain the format of the information to be submitted to the client describe the 
terms of employment, working practices, procedures and methods of payments. 
The instructions should also attempt to minimize the submissions of qualifying 
bids and provide details of procedures, which should be adhered to in the event of 
problems occurring. 
All information on the site and the ground conditions should be included in the 
tender or made available to contractors tendering. It is recommended in the guide 
that four weeks should be allowed for tendering or longer on a major or complex 
project, in practice the period allowed for the submission of bids varies between six 
and eighteen weeks. If any queries of any significance are received during the 
tender period the engineees response should be circulated to all tenders. Keith 
Potts (1995). 
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The tenders are submitted to the employer or engineer, who will then make a 
recommendation as to the acceptance of a tender, the form of tender may state the 
employer Ashworth (1998). 
0 May not accept any tender. 
0 May not accept the lowest tender. 
0 Has no responsibility for the costs incurred in their preparation. 
The form of tender may also state that the contractor 
Has examined the appropriate documents. 
Agrees to carry out the works in accordance with these documents. 
Undertakes to complete the works within the specified time. 
Will provide security for due performance. 
Written Acceptance 
The tender is submitted to the client in a form as specified in the invitation letter, 
arriving at the correct address at the right time. The constructor should keep all 
copies of the tender documents marking the drawings "used for tender'. 
Once the constructor has made an agreeable offer, there must be an acceptance of it 
by the employer before a contract can be established. The acceptance of the offer 
must be communicated to the constructor in writing. 
The written acceptance of the constructor's tender by the employer is considered 
part of the contract's documents. 
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Contract agreement 
The basic responsibilities of the parties to most construction contracts are relatively 
dear. The constructor agrees to build the facility in a manner defined by the 
contract documents, the employer defined by the contract documents and the 
employer agrees to pay the constructor. A typical employer-constructor agreement 
easily covers these issues, usually with elaboration on how and when payments 
wiR be made, and a schedule of when the work is completed. The agreement must 
establish the lines of communication and administrations procedures, and protects 
each party's interests. 
The agreement is the contract document whicli the employer and the constructor 
sign. Space is provided in the contract agreement for the: 
name of the Employer; 
name of the Constructor; 
name of the Consultant, 
date of signing the Contract; 
location and nature of work, 
list of contract drawings; and 
amount of the contract sum. 
In some circumstances, it may be necessary or desirable to execute the contract 
under seal. This is often the case with local authorities and other public bodies. 
'Ihe spaces for signatures are then left blank and the seals are affixed in the 
appropriate spaces indicated. After scaling, the contract must be taken to the 
Department of Customs and Excise where, upon payment of stamp duty, a stamp 
will be impressed on the documents. Without this the contract will be 
unenforceable Ashworth (1998). 
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5.4 Information Technology in the Construction Industry 
Information Technology (M 
Information technology is the technology, which supports activities involving the 
creation, storage, manipulation and communication of information, together with 
their related method, management and application, therefore, information 
technology may be seen as the broadly based technology needed to support 
information systems French (1998). 
Information System 
Senn (1989) stated that information systems assist managers in decision-making 
and problem solving. The information systems draw on data stored as a result of 
transaction processin& but they may also use other information. 
French (1998) defines information system as follows: "The term 'Information 
Systejný is normally used in situations where an organisation is being considered as 
a whole with respect to its information requirements and information utilisation. 
The 'information System' of an organisation is the total apparatus for handling 
information within the organisation in all respects". 
In order to reach its objectives an organisation must be able to plan ahead, control, 
and coordinate its activities; the organisation must depend on the provision and 
communication of information. The information is used effectively, if it is seen as a 
resource, which needs to be exploited to the best advantage by the whole 
organisation and not just by its individual departments. The idea that " The whole 
can be more than the sum of its parts" lies behind this information system's view of 
organisation. Whether or not such a view is taken, the requirement of providing 
and communicating information remains. These requirements are met, at least in 
part, by the " Data Processing Systems" within the organisation. 
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The construction information manager 
A new role emerging in construction among constructors, especially for large 
projects, is that of construction information manager. The function performed by 
the information manager include the following. Harris and McCaffer (2001) 
9 advise on an IT system for the project, 
" develop an information management plan for the project, 
" attend design co-ordination meetings, 
" receive information from design team and distribute; 
" receive all information from design sub-constructors and distribute; 
" monitor and review the flow of information; 
" inspect and comment on details, obtain project team's input and relay back 
to designers; 
" assist in the preparation of sub-contract enquiry packages; 
" review sub-contract quotation for compliance with design; 
" review design alternatives; 
" prioritise and process information requests with designers; 
" process comments and compliance with design; 
" monitor and collate information for HSE file; 
" co-ordinate design sub-constructor's drawings; 
" obtain design sub-constructor's risk assessment, 
" track information; and 
" maintain project archives. 
Data Processing (DP) 
Data Processing is the collection and manipulation of terms of data to produce 
meaningful information French (1998). The term "'data processing" is more 
commonly associated with specialist business tasks, such as sales order processing, 
purchase under processing and payroll processing. The methods of data 
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processing have involved electronic means, principally the computer. Any study of 
data processing must look at Electronic Data Processing (EDP), which is seen as one 
of the important areas of information technology (rD. 
French (1998) distinguishes between "Data" and "Informationý being long 
established convention in Data Processing as follows. 
"Data" is the term used to describe facts about the activities of a business. 
Examples are: The number of hours worked by any employee on a particular 
machine, the amount and type of materials consumed in a particular process, the 
number of tons of finished product produced in a day or week. 
"'Information7 is obtained by assembling terms of data into a meaningful form. 
Example: A financial statement or an efficiency report. Information can range from 
a simple report about routine operations up to a report required by top 
management to make strategic decisions. 
Business Software 
The following are some of the latest business software. 
Operating Systems 
A computer needs an operating system before any software will work. The 
operating system performs all the background tasks, such as entering information 
through the keyboard or displaying results on the screen or printer. The choice of 
operating system is vital because it limits the software that can be used. The most 
common operating system is N5DOS (Microsoft Disk Operating System). 
Microsoft has launched the -Windows" operating system extension that provides a 
more sophisticated environment whilst retaining backward compatibility. 
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Word Processing 
The word processor is one of the simplest programmes but it is used more than any 
other. It allows the user to enter, edit text, arrange and format. A typical 
construction application is the creation of prelin-tinaries or specifications. The user 
can quickly insert or cut and paste sections. The positioning of text is manually 
carried out and there is limited maths capability. The current market leader is 
'Word Perfect; others include 'NEcrosoft Word' and 'Lotus Ami. 'Desk-top 
publishing' is a superior form of word processor. 
Spreadsheets 
Spreadsheets are often the first application used by professionals; it allows the 
creation of maths models in a simple rows and columns format. The screen shows 
the result of 'what-if calculations very quickly. Spreadsheets are ideal for single- 
page calculations of a one-off nature. Their strength and weaknesses, is their 
flexibility. Construction professionals can spend hours elaborating a simple 
spreadsheet and then corrupt the logic. A typical application would be a manhole 
schedule that calculates the length of formwork, area of brickwork and volume of 
concrete based on the internal dimensions. The current market leader is 'Lotus 1-2- 
Ywith "NficrosoftExceY and'Borland Quattro'being strong contenders. 
Databases 
Databases are more difficult to get used to; databases are not nearly as intuitive as 
spreadsheets, however, they can be used to extract or sort data and quite 
sophisticated applications can be written. A typical example would be a Bill of 
Quantities. The market leader is 'Mcrosoft FoxBASF with 'Nficrosoft Access' and 
'Borland Paradox' as alternatives. 
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Graphics 
Business graphics programmes can create excellent graphics that are attractive and 
informative. A bar chart or pie chart can simplify a mass of figures. The most 
common example is the cumulative cash flow graph comparing forecast 
expenditure against actual valuations. The current market leader is 'Lotus 
Freelanc&; 'Corel Draw' is better but more complicated. 
Communications 
The world wide web, also called simply "the web", is a very large internet 
communication service. The internet offers a level of access to information that is 
unprecedented Khan and Logan (1996). Anyone with access to the world wide web 
has access to all the information published on it as well as the powerful tools for 
searching through the information on the web. The compelling feature of WWW 
documents is that they are linked to other documents by means of a technology 
known as hypertext. The hypertext allows the user to get from one related 
document to another by simply clicking the mouse to select a word or graphic that 
has been set-up as a link. A link is normally indicated by a word or a grapl-dc set 
apart from the usual text by the use of a different colour or boldface text. Hypertext 
makes the web interactive when browsing web resources; the user can decide how 
to navigate through a specific document 
Web search engine do basically the same thing that the user do when using the 
web: they look at documents and follow links. The difference is that these 
technologies actually store the information about each link they go to. They build 
up databases that are searchable, and the user can do complex queries against those 
databases. 
This ability to access information from all over the world as if it is in the users very 
own computers, is one of the features that makes the internet such a powerful tool 
for information exchange and communication. 
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Shami(2000) stated that the communication channel represents the part of the 
network that connects the sender with the receiver in Enternet-based 
communication. Senders and receivers can be individuals or other electronic 
applications within the same or different organizations. The sender might work on 
a client or a server in a LAN or Internet within an organisation. Theoretically, 
communication channels can be understood as part of a relationship among 
communication objects, that is organizations, processes, sub-processes, and project 
databases. 
The latest, and newest type of communication software is Electronic Mail. This 
normally runs on a network of connected personal computers and allows users to 
transfer messages or files. By using electronic mail a user can type a memo and 
then 'Post it' on the electronic mail system to either an individual, a group or to all 
members of the project team. The software will tell each user that mail has arrived. 
The receivers can read the document on the screen and then save to disk, delete it, 
edit and return with comments, or print it. 
Electronic and digital signatures 
Electronic and digital signatures provides a sophisticated and innovative 
transaction systems for organisation looking for ways to increase profitability and 
gain competitive advantages by removing costly and time-consuming paper 
Process from the workflow. It provides an electronic alternative to any paper 
processes. Users no longer need to print, sign; seal and deliver paper documents. 
The two signatures are defined as follow. 
Electronic signature definition 
According to State of Georgia (1997) Georgia Senate Bin 103 the electronic signature 
IN means an electronic or digital method executed or adopted by a party with the 
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internet to be bound by or to authenticate a record, which is unique to the person 
using it, is capable of verification, is under the sole contract of the person using it, 
and is linked to data in such a manner that if the data are changed the electronic 
signature is invalidated". 
According to State of Oklahoma (1997) Home Bill 1690 the electronic signature 
means any letters, characters, or symbols, manifested by electronic or similar 
means, executed or adopted by a party with the intent to authenticate a writing. A 
writing is electronically signed if an electronic signature is logically associated with 
such writing. 
Digital signature 
Means a type of electronic signature that transforms a massage using an 
asymmetric crypto system sudi that a person having the initial message and the 
signer's public key can accurately determine whether the transformation was 
created using the private key that corresponds to the signer's public key, and 
whether the initial message has made. A digital signature features are as follow. 
* intended by the party using it to have same force and effect as the use of a 
manual signature; 
unique to the party using it, 
capable of verification; 
under the sole control of the party using it; and 
linked to data in such a manner that it is invalidated if the data is changed, and 
the electronic signature may be used to sign a writing and shall have the same 
force and effect as a manually written signature. 
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Construction Software 
Most of the project management used in the construction industry have been 
overviewed in Chapter Seven. However, some of the functions used in the 
construction industry are mentioned here in general, and they are as follows. 
Project Management. 
Computer-Aided Design and Drafting. 
Computer-Aided Engineering Analysis. 
Bill of Quantities. 
Surveying. 
Quality Assurance. 
Artificial Intelligence 
Usage of artificial intelligence consists of knowledge acquisition, data acquisition, 
the effects of certain decisions, defining objectives, and suggesting methods for 
achieving these objectives. 
There are three methods for the implementation of artificial intelligence in an 
organisation. The first method is the use of e)dsting software and data (knowledge) 
bases. In such program packages knowledge can be partly modified to suit the 
needs of the user. Systems formed in this way are most efficient in solving widely 
spread problems or problems wl-dch do not depend on types of organisations or 
markeL 
The second method is to hire a professional artificial intelligence firm with 
experience in this field to form the system. In this method the orgar-dsation has to 
define the objectives of the system, the hired firm has to design the requested 
programmes and knowledge base as well as to carry out the training of 
organisation personnel. 
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The third method of introducing artificial intelligence system is the development of 
package software and knowledge base in research and development department of 
the organisation in question. An adequate software package or tool is used. The 
organisation experts are used as a source of expert knowledge and the role of the 
knowledge engineer id given tc) the members of the research and development 
department. This method suitable for solving problems in an organisation of 
market This method is also used when necessary to achieve considerable 
technological improvement in comparison with the competition. In this way 
business secrets are kept within the company. 
Ihe aim for the use of the artificial intelligence is to increase speed and accuracy in 
preparing analysis for decision taking to achieve the organisationýs objectives, and 
to form a system that will advise the project management in the organisation in 
everyday operational tasks. 
Project Management (PM) 
Project Management software can be used at many different levels of sophistication 
for controlling performance. It is used by the main constructor for ensuring that all 
necessary tasks are performed in the correct sequence and in time for the next 
operation. The project manager can use the software to ensure that the client 
design team and constructor work together. The principles are simply identifying 
the tasks, and calculating the duration and the relationship between tasks. The 
software will then calculate the total duration and highlight the critical tasks that 
have no float. Fxamples of PM software include 'Pert Mastee, 'Microsoft Project, 
and 'Power Project. Potts (1995). 
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Computer-Aided Design (CAD) and Visualisation 
Computer-Aided design programmes are commonly used for architectural designs 
and computer-aided drafting. The drawing is constructed on the screen, basically 
being lines from one co-ordinate to another with a colour and style. A library of 
common objects can be built up, such as cars, trees, and toilets, and posted on to the 
drawing. The great advantage is the case of editing. Most programmes will work 
in 2D or 3D models, the 3D models being the best. If a building is created in 3D 
then it can be viewed from any angle or sectioned at any point. In addition, it is 
possible to shade the planes with brick effects or others to produce artist's 
impressions, and even to be able to "walk through' the building on the screen. 3D 
programmes are essential for services drawings to migrate against collisions and 
obstructions. Examples include 'Intergraph, and 'AutoCAD' which has 
monopolized the PC market. 
The latest development in Computer-Aided Design (CAD) is visualisation of the 
components of the design, where in architectural design the designer or client can 
visualise the inside of the designed project or building. The designer can walk 
through inside the design model, appreciating the elements, layout, spaces, 
utilization of areas and colors of the internal components of the design. This " of 
visualisation helps to appreciate the design more and also put "interior design a 
step a head in presentation of concepts, ideas and perspectives of the interior 
design through the use of computers. 
Computer-Aided Engineering Analysis 
Computer-aided engineering analysis programmes are usually used by those 
engineers who are working on the design of a project such as structural analysis, 
electrical power distribution and pipe layout These programmes also have 
application on the job site, such as designing temporary facilities, designing 
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concrete formwork or dieddng stresses during the critical erection sequence. 
Examples of the types of applications include the following Paulson (1995). 
Structural design and dynamic analysis. 
Concrete form design. 
Pipe network layout and flow calculations. 
Soil mechanics and foundation engineering. 
Cofferdams and diversion tunnels. 
0 Crane and cableway cycles. 
Drill and blast computations. 
0 Design of screening and crushing plants. 
Bill of Quantities (BoQ) 
There are several BoQ programmes on the market designed specially for the British 
Construction Industry. In essence they are simple. The user selects a description 
from a standard library that has an ordinary code, attaches a quantity, sorts the 
items and prints them. The items are then priced, and the programme will extend 
the quantity and rate and collects subtotals to a grand summary. Examples of bill 
of quantities software include 'CATO' and 'Master Bill. Potts (1995). 
Surveying 
Construction surveying has benefited enormously from computer applications. 
Nficroprocessors integrated into electronic Theodolites and distance-measuring 
devices automatically record the data produced. Upon returning to the office, 
surveyors can transfer the recorded information to sophisticated computation and 
analysis software running on powerful microcomputers. Enhancements to 
surveying technology have led to some of the first practical applications of 
automated construction machines. Spinning laser beams guide field tasks from 
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setting footing forms at the beginning of the job to installing false ceilings at the 
finishing stage. 
One of the latest surveying systems are the Global Positioning Systems (GPS) 
which are space-based radio positioning systems that provide 24 hours three- 
dimensional position, velocity and time information to suitably equipped users 
anywhere on or near the surface of the earth. 
There are currently several levels of GPS units available, varying by accuracy and 
cost of the unit: (http: //www. flatmm. com/gps. htm) and they are as follow. 
Navigational unit 
Small hard held units at relatively low cost allow boaters and hikers to know their 
position within a few hundred meters. This accuracy is sufficient for recreational 
use. 
Mapping 
A hand held or similar unit at mid range price that is linked to a fixed broadcast 
base station. These units allow utility companies, municipalities and others to 
locate various items (telephone poles, waterlines, values) with a positional 
tolerance of several meters. This is suitable for geographical information systems 
(GIS) mapping purposes. 
Real time Kinematic 
Roving high precession units available at relatively high cost that are linked by 
radio to a fixed base station, allowing quick on-site gathering of data without the 
need for post-processing. These units are suitable for topographic mapping, 
construction layout, and other uses with a positional tolerance of centimetres. 
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Geodetic 
For highly precise measuring of long baselines, or measuring between points in 
different terrain (across rivers, mountains, urban). These units use long observation 
times and off site post processing of data to obtain a sub-centimetre positional 
tolerance. 
Quality Assurance 
Quality Assurance can begin with online retrieval of specification, codes, and 
standards. Quality Assurance systems also assist in documenting procedures and 
testing requirements and in reporting test results and completion of administrative 
steps to various interested agencies and parties. Some of the most advanced 
applications involve not only administrative producers but also direct production 
control. For example, modem automated concrete batdi plants enable the operator 
to call up any of several predefined mixes, the computer then operates the plant 
until the correct mix discharges into a waiting concrete truck, batdi information is 
printed out and copies are given to the truck driver to take to the point of delivery 
for an inspector's confirmation and approval before the concrete goes into the pour. 
Copies are also attached to samples made at the pour site, and the loop doses 
following testin& when sample results are logged and sent back to the Quality 
Assurance department. 
Hardware 
The development of the hardware storage drives with very large volumes, 
modems, scanners, and back up devices has made the computer amenable to the 
storage and distribution of drawings and other data in electronic format. The 
evolution of servers, network cards, modems and routers have linked computers 
together providing a forum for community collaboration. For example, the newest 
versions of the CAD programs Autocad, and Mcro-station include features that 
allow multiple users to post, view, mark up details on a drawing and collaborate 
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through the use of an internet based web browser. These technological advances 
have made possible a situation whereby design work can proceed on a 24-hour 
employing several design teams in different parts of the world. Design drawings 
are transfers from one time zone at the dose of work to another time zone where 
the working day is about to commence. Harris and McCaffer (2001). 
French (1998) have classified the computers hardware according to their use and 
according to their size as foRow. 
Classification by use 
9A Home Computer is a low-cost microcomputer of limited capability designed 
for domestic use with programs that typicaHy are used for such things as 
computer games or controlling family finances. 
*A personal computer (pc) is a microcomputer designed for independent use by 
an individual at work or in the home mainly for business purposes. Some PCs 
are portable. Many can be connected to minicomputers and mainframe 
computers so that the PC user can also gain access to the facilities offered by the 
larger mad-tine. 
* Desktop computer is any computer design for use on a desk in an office 
environment Therefore, home computers and PCs are tyrpes of Desktop 
computer. 
9A workstation is another kind of desktop computer. Although larger more 
powerful PCs are sometimes called workstations the term is normally used to 
imply the presence of advance features not provided by all PCs. Ihese include 
inbuilt capabilities for their interconnection and operation in conjunction with 
other computers, and for them to process pictorial data as well as that presented 
in the form of text 
A lap-top and palm-top computers sufficiently small and light for their user 
comfortably to use it on the user lap or in the hand. A typical lap-top computer 
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operates on mains electricity or by rechargeable batteries and is small enough to 
fit inside a brief case. Lap-topes normally have in built disk drives and flat 
screens. The latter are commonly Uquid Crystal Display (LCDs). 
Classification by size 
Mainframes. Large general purpose computers with extensive processing, 
storage and input/output capabilities. Conventional large scale. Data 
processing has traditionally been carried out on these machines. 
Minicomputers. Physically smaller computers compared with mainframes. They 
are used for special purposes or smaller scale general purpose work. 
Conventional medium scale data processing has traditionally been carried out 
on these machines. 
o NEcrocomputers. These represent a further step in miniaturisation in which the 
various integrated circuits and elements of a computers are replaced by a single 
integrated circuits called a "chip". Their continuing and rapid technological 
development have had a major effect on the whole computer industry over the 
past twenty years. 
Integration 
When combining the permutations of computers, disk drive size, disk format, 
printers, operating systems, software types and versions, the user has a recipe for 
disaster. If all the above are not matched, the user will probably have difficulty in 
being able to read, edit and print the information. This is often a problem within 
one organisation; the problem will be even greater if it is communicated with 
another company. 
The simple solution is to have exactly the same set-ups, but this is difficult to agree 
on and can be disruptive. Most companies work with many clients and 
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professionals, so it is impossible to match all the other parties. The only solution is 
to try to integrate different systems as mudi as possible. 
Waring and Wainwright (2000) defined integration as the ability of computer 
hardware or software systems to work with incompatible systems. For technically 
able IT managers this definition conjures up images of computers, networks, 
protocols, clients/server architecture, hubs, routing and connectivity. The mangers 
focus is on delivering the 'right kit' on time and within budget. Four critical 
recommendations are identified for the implementation of integration and they are 
as follow, identify the role of integration in the context of business objectives; 
derive appropriate measures of performance for the project; exercise effective 
project management through out development, and evaluate system operation in 
an appropriate manner. Integration will provide the organisation with the 
following benefits, improved productivity; more efficiency; better control, lower 
costs; and less waste. 
Networking 
Originally computers were mainframes. These machines were very expensive and 
worked on the principle of one large central processor and storage that everybody 
shared. Everybody worked on the same data and used the same programmes. The 
personal computer was invented and suddenly computers were cheap and the end 
user could work in his own way using whatever software chosen. No data was 
shared; all information was re-entered on each machine, which is inefficient and 
technically inconsistent 
Networks were introduced that linked personal computers giving access to shared 
data, but still allowing local processing therefore, having the advantages of a 
mainframe with shared data whilst retairting the creativity of local personel. 
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Potts (1995) describes the two different networks. There are two main types of 
networks, Local Area Networks (LANs) and Wide Area Networks (WANs). LANs 
consist of one central file server that stores all the common data and a cable 
running around a building with connection boxes at frequent intervals. An 
individual personal computer is connected to the network with its own cable to the 
socket. Once information is changed on the network it is available to everyone. 
WANs connect LANs in different locations. The most common way is by having a 
dedicated data link, connecting the two file servers. This means users at both 
locations have access to the same information instantly. 
5.5 Knowledge Management 
Ihe adjustment of demand and supply of knowledge is an important condition for 
the efficient performance of organisations. When there is a mismatch, this will lead 
to increased production times and production costs. For this reason, it is important 
for organisations to understand the role of knowledge in their production 
processes. A better understanding of these processes will also lead to an increased 
flexibility to react to changes in the environment. When demand and supply of 
knowledge are well adjusted, the quality of products and services will increase. 
The Knowledge Management Network in the USA described on their web site the 
main goals for knowledge management as follows. 
9 To formulate the organisation-wide strategic policy for the development and 
application of knowledge. 
41 To implement knowledge strategies with the help of all relevant parties 
widiin an organisation or a network of organisations. 
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The daily improvement of business processes in an organisation, with a 
focus on knowledge development and use. 
To monitor and evaluate the ad-devements of knowledge assets and to 
monitor and evaluate management activities in terms of knowledge. 
Based on these main goals, several targets can be identified w1dch must be 
addressed in daily knowledge management activities. 
e The disclosure of knowledge. For example, lessons learned and best 
practices, so that all members of the organisation can use that knowledge in 
the context of their organisational roles. 
e To ensure that knowledge is available at the location where it is most crucial 
for decision-making process, for example, the front office at the customer 
side. 
To ensure that knowledge is available when it is needed for the business 
processes (24 hours a day). 
To facilitate the effective and efficient development of new knowledge. For 
example: Research and development activities, learning on the basis of 
historical cases. 
To ensure that new knowledge is distributed to the people in the 
organisation who perform activities on the basis of this knowledge. For 
example: distribution of lessons learnt 
To ensure that everybody in the organisation 'knows' where knowledge is 
available within the organisation or network of organisation. 
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5.6 The TQM framework, knowledge management and 
organizational learning 
Davenport and Pursak (1998) defined knowledge as follow. 
" Knowledge is a fluid n-dx of framed experiences values, contextual information, 
and expert insight that provides a framework for evaluating and incorporation new 
experiences and information. It originates and is applied in the minds of knower. In 
organisations it often becomes embedded not only in documents or repositories but 
also in organisational routines, processes, practices, and norms. " 
Organisational learning is simply any learning that takes place within an 
organisation. Learning in groups as part of an organisation is more complex than 
lean-ting by individuals. Wifl-dn groups, individuals must first learn to understand 
what others in the group mean by what they are saying. They then as a cognitive 
unit. They have to learn to understand the other persoes meaning based on their 
own set of experiences. They must set up standards that become a common 
learning ground for the group, rather than learn it up to each individual and each 
individual's interpretation. Then the group must learn to respond to an ever 
changing world by learning quicker and applying the learning faster that their 
competitors. 
Organisational learning is part of knowledge management The principles for the 
application of knowledge management in the industry are for better competitive 
positioning and higher market place awareness through tough leadership, 
improving speed, cost and quality of client service. Smith (2000). In today's 
competitive environment, developing and leveraging knowledge is a key 
competitive success factor. Leading edge firms actively manage their knowledge in 
order to apply it for business success. In doing so they do not manage collaboration 
lean-ting, innovation and sense as separate silos. In many cases they manage them 
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so they overlap and enhance each other. Knowledge management techniques 
enable this through sharing, codifying, making accessible, documenting and help 
disseminating both internal and external knowledge for positive knowledge 
enabled business outcomes. 
The TQM framework in this research is achieved by developing the specification 
model of "PROMANSYS" where in this model elements of TQM are implemented 
such as teamwork, effective communication, creation of a culture, continuous 
improvement and value engineering. The framework receives, stores, present, 
process, document and report informations of any number of activities in the 
constructions of a project, with a minimum ten design and construction team 
members involved in the use of the framework as the only tool of information 
system for the project The knowledge, experiences, values, information and 
practices of every member in the design and construction teams are introduced in 
the framework of TQM. To help improve speed, cost, quality to clients service, 
competitiveness and decisions making in the process of constructing the project in 
hand, or for use in future projects. The TQM framework could be used efficiently in 
knowledge management and organisational lean-ting, with the amount of 
knowledge, data, experiences, practices and information introduced to the 
framework 
Although the terms "information7 and "knowledge" are often used 
interchangeably, there is a dear distinction between information and knowledge. 
Information is flow of messages or meanings, which might add to, restructure or 
change knowledge. Dretske (1981) offers the following definition of information. " 
Information is that commodity capable of yielding knowledge and what 
information a signal carries is what we can learn from it Knowledge is identified 
with information- produced (or sustained) belief, but the information a person 
receives is relative to what he or she already knows about the possibilities at the 
source". 
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5.7 Expert System 
Rembold, Naji, and Storr (1996) defined and explained the components of the 
expert system as foHow. 
"An Expert System is a software product, the development of which has a defined 
life cycle. People involved in building an expert system are the user, the expert and 
the knowledge engineer". 
Basic Component of an Expert System 
The builder of an expert system must have a model of the system for wl-dch a 
solution is being sought The model describes the properties and behaviour of the 
system. Usually, an attempt is made to keep the model simple and to include only 
the important features of a process. The various models used for knowledge 
engineering are as follows. 
- Informal symbolic model: - that contains an informal textual description of 
the process. 
e Diagram: that may show the flow of information or material through a 
process. 
* Formal mathematical model: - that describes the behaviour of the process 
with a set of mathematical equations. 
9 Heuristic Model: that describes the process with a set of rules. 
* Pictorial model: that describes the process with symbols or pictures. 
Building an Expert System: 
There are five phases, wl-dch make up the expert system. These are: identification, 
conception, formalization, structuring and testing Rembold, Nnaji and Storr (1996). 
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Identification Phase 
The following t)Tical questions must be resolved. 
a What are the aims of the system? 
" What is the scope of the knowledge domain? 
" What does the user expect from the system? 
" How is the user going to apply the system? 
" What is the required ergonomics from the various machine interfaces? 
" How can the system be hierarchically structured? 
" How can the system be expanded in the future? 
" What do the interfaces to other manufacturing system components look like? 
" What are the sources of knowledge (expert books, manuals)? 
" How much data is needed, and how should it be structured and stored? 
Structuring Phase 
At this stage the knowledge engineer will formalize the knowledge and prepare the 
data where the following factors must be considered. 
How is it possible to obtain relevant data? 
How can the most important features be represented with the available 
data? 
Is the data consistent and reliable to formulate the required knowledge? 
Is the planned level of effort justifiable to obtain the data? 
Implementation Phase 
During implementation, the development components are configured to a 
computer system. If this is the final implementation, it may be necessary to re- 
programme the system with a more efficient language to reduce computing time 
and memory requirements. Usually, the final system is a component of global 
planning and control system. In this case, all the required interfaces have to be 
combined to make the knowledge-based system part of the total system. 
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Test Phase 
The final phase is necessary to assure that the system provides the specified 
requirements. Points of particular interest are efficiency, user friendliness, 
expendability and maintainability. A test will include the following questions. 
9 Is the system user-friendly? 
19 Can the user maintain the system? 
9 Are the interference rules consistent and complete? 
e Are the answers of the system ambiguous or satisfactory? 
o Are the test examples realistic? 
If the system gives wrong answers, the interference rules must be investigated and 
it might be necessary to trace the operation of the interference process, step by step, 
to locate the problems. For this purpose, the system should be provided with an 
explanation component 
5.8 Summary 
Technological developments in the last few decades have elevated the role that 
information plays in the management of companies, and is causing a re-think in the 
way organisations in general treat information, information systems and its 
associated technologies. Until the 1980s, managers in the construction industry 
generally did not concern themselves with how information was collected, 
processed and distributed within their organisations. The reliance on paper-based 
communication formed an essential part of the most construction organisations, 
and often got in the way of real productive work. The use of information within 
construction has seen a significant change from this position. 
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Traditional documents used in the construction industry comprises the 
following. 
Conditions of Contract 
The conditions of contract seek to establish the legal, framework, within which the 
construction work is to be undertaken. Although the clauses aim to be precise, 
explicit and concern any eventuality, disagreement in their interpretation does 
occur. 
Specification 
The specification describes in details the work to be executed, the character and 
quality of materials and workmanship, and any special responsibilities of the 
constructor not covered by the conditions of contracL 
Drawings 
The drawings form part of the contract documents, the contract drawings must be 
the drawings on which the constructor tendered. It is not unusual for the architect 
to have made revisions on the original drawings, between the tender and the 
signing of the contract. 
Bill of Quantities 
The biH of quantities comprises a list of work to be carried out, providing a brief 
description and the quantities of the finished work in the project. In conjunction 
with the other contract documents, it forms the basis on which the tenders are 
obtained. 
Tender Documents 
Constructors should be sent the tender document comprising of the conditions of 
contract, specifications, bill of quantities and drawings together with the 
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"Instruction to tenders". They outline the constructor's obligations, explain the 
format of the information to be submitted to the client, describe the terms of 
employment, working practices, procedures and methods of payments. 
Written Acceptance 
The constructor makes an offer submitted to the client in a form as specified in the 
invitation letter, arriving at the correct address at the right time. 
Contract Agreement 
The contract agreement is signed between the employer and the constructor. A 
typical employer-constructor agreement covers issues such as the names of the 
parties in the contract, a cope of works, method of payments and schedule of when 
the work is to be completed. The agreement must establish the lines of 
communication, administration procedures, and protect each party's interests. 
Information technology is the technology that supports activities involving the 
creation, storage, manipulation and communication of information, together with 
their related methods, management and application. 
The business software is categorised as foHows. 
Operating Systems. 
Word Processing. 
Spreadsheets. 
Database. 
Graphics. 
The main construction software is categorised as foHows. 
Project managemenL 
Computer-Aided Design and Drafting. 
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- Computer-Aided Engineering Analysis. 
- Bill of Quantities. 
- Surveying 
- Quality Assurance 
Computers are integrated by having the same set-ups and by matdiing the 
permutations of the computers, disk drive size, disk format, printers, operating 
systems and software type and versions. 
Computer networking is achieved by two main types of networks, Local Area 
Networks (LANs), and Wide Area Networks (WANs). The advantage is that it 
gives access to shared data through the mainframe, but stiff allows local 
processing by individual computers. 
It is important for organisations to understand the role of knowledge 
management and expert systems in their production process. A better 
understanding of these processes will lead to an increased flexibility to react to 
changes in the environment. 
The proposed dynamic model "PROMANSYS" uses and implements most of 
the construction industry documentations and it tedmology. It creates an 
environment of flow of information between the project's team members in all 
aspects and fields of the information. WWch reflects the need for the 
implementation of "PROMANSYS" as a tool of information system and a 
framework to implement TQM. 
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CHAVIrER SIX 
ANALYSIS AND LIMITATIONS OF THE CONSTRUCTION 
SPECIFICATION USED IN BAHRAIN 
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CHAPrER SDC 
ANALYSIS AND LIMITATIONS OF CONSTRUCTION 
SPECIFICATION USED IN BAHRAIN 
6.1 Introduction 
The architect and his support staff should draft specification. Some offices operate a 
system whereby a specification writer is employed solely to draft specifications. 
Such a person, to do the job, has to spend time studying the drawings to get a grasp 
of each scheme and probably take up the time of the architect, assistants or 
members of the whole design team; asking questions to get the information needed 
to write-up the specifications. 
This method of writing specifications lacks the teamwork effect; it has many 
setbacks in the process of communication. Information might be missing from the 
specifications or may not be covered from the beginning. The architect is not 
qualified to write about items and clauses outside of his field, such as electrical and 
mechanical works specifications and even many of the civil works clauses. Each 
member of the design team must write the specifications that he is responsible for. 
This is where TQM steps in to be implemented in the method of writing 
specifications to get everybody working as a team, with an effective method of 
communication in a system that creates a culture for the project which is 
continuously improved and with the implementation of value engineering 
technique. This is what this research is aiming for. 
This chapter discusses the concept of specifications in general analysing the 
purpose of specifications, the systems of writing specifications, with a comparison 
between the information in the drawings and in the specifications. The chapter also 
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analyses the present construction specifications in Baluain, the source specifications 
with a discussion on the general practice in specification writing, the problems 
arising from the present situation and the need for improved specifications in 
Bahrain. 
62 The Concept of specification 
6.2.1 The Purpose of Specifications 
Rosen (1999) stated that "specifications are one of the necessary constituent 
elements of the contract documents, it is imperative that practicing architects and 
engineers have a very good working knowledge of the role that specifications 
play". 
Willis and Willis (1997) described that specification may have three purposes, in 
each case in conjunction with the drawings: 
0 to be read by the constructor's estimator as the only information available on 
which to prepare a competitive tender; 
to be read by the quantity surveyor to enable a bill of quantities to be 
prepared as a basis for such competitive tenders; and 
0 to be read by the clerk of works and the constructor's agent during the 
progress of the contract as the architect's instructions for carrying out the 
work. 
Whether the specifications are written by a specifier in a large office or by the job 
architect and engineer in a small office, they are used by a diverse group of 
participants. To begin with, they are written for the constructor to describe how to 
construct, manage and direct the construction. They are also written for the 
estimator in the constructor's office, who prepares the estimate based on the 
specifications. They are written for the resident project representative or inspector, 
who must be given a document that can aid this person in inspecting and 
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controlling the work. They are written for the owner, who would like to know 
what he is buying and is entitled to receive. They are written for the sub- 
constructors so that each can readily see the scope of his contract They are written 
for the manufacturers of building materials and equipment so that the grade and 
type are dearly defined with respect to the many variations they may manufacture. 
611 Systems of Writing Specifications 
There are two basic approaches to writing specifications the method system and the 
result system. 
1. When the method system is employed, the specifier describes in detail the 
materials, workmanship, installation and erection procedures to be used by 
the constructor in the conduct of his work operations in order to achieve the 
results expected. The method system can be best described as a descriptive 
specification. 
When the specifier elects to use the results system the places on the 
constructor the responsibility for securing the desired results by whatever 
methods the constructor chooses to use. The results system is best described 
as a performance specification. 
It is also possible that both the descriptive specification and the performance 
spedfication can be used together in the same project specificatiort, each in its 
proper place, in order to achieve the prime objective. 
The drawings and specifications are two documents represent a means of 
communication of information between the designers and the constructor, but each 
document uses a special form of communication: one pictorial and the other verbal. 
The following table shows the comparison between drawings and specifications. 
183 
Table 6.1: Comparison between drawings and specification 
Source Rosen (1999) Construction specification writing, Principles and Procedures. 
No. Drawings No. Specifications 
1 Extent, size, shape and location 1 Type and quality of materials, 
of component parts equipment and fixtures 
2 Location of materials, 2 Quality of workmanship 
equipment, and fixtures. 
3 Details and overall dimensions 3 Methods of fabrication, 
installation, and erection 
4 Interrelation of materials, 4 Test and Code requirement 
equipment and space 
5 Schedule of finishes, windows 5 Gauges of manufacturer's 
and doors equipment 
6 Sizes of equipment 6 Allowance and unit prices 
7 Identification of class of any 7 Alternates and options 
material at its location 
6.3 Source of Specifications in Bahrain 
So far the majority of design offices in Bahrain and government authorities that are 
involved in the preparation of specifications and contract conditions, tend to copy 
from other previously used specifications as seen in the results of the specification 
questionnaire survey. The mistakes, discrepancies, inconsistencies and unclear 
wording are often repeated in new projects due to the copying of the clauses. Even 
the most commonly used specifications, which are considered as standard 
specifications in Bahrain, are published by the Public Works Directorate in the 
Government of Bahrain but are not tailored for the construction industry 
environment in Bahrain. 
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There is no establishment, body, or authority in Bahrain responsible for: the 
country's construction industry specifications; the development of new up-to-date 
techniques, methods of construction and products; or responsible for the inclusion 
of new soIptions to the day-to-day problems arising on site. In other words 
documentation and improvement of specifications in the construction industry in 
Bahrain is very weak. The construction industry in Bahrain is still lacking the 
standard and quality of specifications that suites the country's hot climate; methods 
of construction adopted; level of workmansl-dp; availability of raw material; and 
clients requirements in the design. The only body that is hoped to take on its 
shoulder the responsibility of preparing and issuing a master specification for the 
construction industry in Bahrain is Bahrain center for studies and research, which is 
still did not present any thing to do with the specification in the construction 
industry in Bahrain. Until such time, the necessity comes for this research and the 
work carried out in this thesis to produce "PROMANSYS" as a framework to 
implement TQM through specifications to improve performance in the construction 
industry in Bahrain. 
There are conferences taking place from time to time with issues related to concrete 
deterioration and damage to concrete structures due to corrosion and sulphate 
attack. But the outcome of the conferences with regards to recommendations and 
proposed procedures as solutions to the problems end-up and diminish with the 
end of the conference. There is no committee to follow up with the 
recommendations, procedures, and solutions to the concrete problems, nor to 
implement and incorporate their experiences in the future specifications. The 
proceedings of the conference end-up on one of the library shelves of Bahrain 
Society of Engineers 
The Gulf Co-operation Council (GCC) has established a Committee from the 
Commerce Ministries in the region to set up standards of spedfications for the 
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consumed goods and commodities that arrive in the Gulf region from abroad to 
suit these countri& requirements and specifications. But without giving any 
attention to the construction industry's specifications standards, requirements, 
material and codes of practice with regards to availability of modem technologies, 
climate, environment, local materials and implemented methods of construction. It 
is now time to establish a government task force to look at these issues if the quality 
concept is to be achieved and improved in the construction industry in Bahrain. By 
forming a joint committee from all the Gulf countries as members of a taskforce to 
put: objectives; plans; and strategies to prepare master specification for the Gulf 
countries. 
6.4 The general practice of specification writing in Bahrain 
In Bahrain, there are no personnel who specialise or academically qualified in 
specification writing. The Consultant (Designer) would be the person in charge for 
the preparation of the specifications, contract, conditions and tender documents. 
The designer can seek assistance from any member of the design team for 
information within their field to be incorporated in the specifications. The owner 
relies heavily on the designer to implement his requirements, objectives and design 
brief within the drawings and specifications, to obtain the standard of quality 
required within the allocated time and budget for the project. 
The designers usually use old specifications from finished projects for the new 
project, with some modifications in certain clauses as the results of the 
questionnaire showed, for example the name of the owner, the budget of the 
project, the duration of the project the name of the constructor, some finishing 
classes and some Prime Cost sums and items. Such specifications tend to be out-of- 
date with old information, techniques, and methods of fixing and old products. 
With many clauses conflicting with each other, duplicated and some clauses are not 
even related to the project in hand, these specifications lead to construction 
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disputes, delayed projects and unhappy clients. These facts were obtained from the 
interviews and the specifications questionnaire conducted at the data collection 
stage. 
The designer preparing the specifications for the project in hand should always 
endeavour to be up-to-date with the latest industry information. The designers, 
who are not, will spend a lot of time talking to bidding constructors who must 
constantly call to obtain more information before bidding the project. They will 
spend time writing addenda to incorporate the corrections bidders call in, they will 
also spend time on construction disputes that arise out of the assumptions bidders 
made when reading the design documents. 
6.5 Problems arising from the present situation 
NIany problems arise in the construction industry in Bahrain because of inadequate 
specifications. The following is a summary of some of the problems. 
Nearly all projects dorýt finish on time due to unclear specifications, 
variations and disputes. 
a The allocated budgets are always raised due to changes and high cost of 
variations. 
0 Disputes arise due to unclear, vague or incorrect specifications. This is 
reflected by the Idgh number of cases at the courts of justice between clients 
and constructors. 
9 The quality of the building is always compromised to finish the project, due 
to unclear specification of quality standards, specification of the wrong 
materials and methods of fixing. 
Penalties correspondence and time consuming instruction orders between 
the ard-titect, the constructor and the owner, due to missing information in 
the specification 
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0 At the end of the project there are always disputes and finger pointing 
between the architect and the owner, due to lack of information, inadequate 
or poorly prepared specifications and the low quality of the finished project. 
6.6 Standardisation 
Standard specifications in the United Kingdom can take two forms, Willis and 
Willis (1997) there are specifications such as the National Building Specification, 
which is primarily a library of clauses that can be used to build up a working 
specification. Careful coding of the clauses permits the writer to refer simply to the 
relevant number or code and the word processor operator can do the rest. The 
second form of standard specification is one prepared with plenty of space for 
alterations and additions and a number of copies can be duplicated to serve as the 
draft for each project. Government departments and local authorities do this 
where, for instance crown offices or schools are to be built in substantial numbers 
over several years, with similar methods of construction and general features. hi 
using this form of standard specification, great care must be taken. It is easy for 
something inapplicable to be left in, which when duplicated into the individual 
specification leaves no indication of being an oversight and looks unprofessional. 
The disadvantage of a standard specification to be adopted for each project is that it 
tends to make the brain lazy. Instead of the writer's mind being alert and on the 
job as it should be. 
The British Standards Institution (BSD publishes standards for a very wide range of 
materials. The BSI also has an obligation to publish British versions of European 
Standards and withdraw any conflicting British Standards or parts thereof. The BSI 
also publishes Codes of 11ractice relating to workmanship in various trades. 
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6.7 The Need for improved specification 
As building grew more complex and materials and construction techniques became 
more involved, it became necessary to increase the number of tedu-dcal sections as 
more portions of the work came under subcontract Rosen (1999). Today, the 
specification sections are designed essentially to permit general constructors, 
estimators, sub-constructors, manufacturers and material supplies to "take off" the 
items of their specific work for estimate during the bidding period. 
Accuracy in estimating is in the best interest of building owners and architects 
alike. To ensure accuracy, the specifications should be divided into sections to 
permit the constructor's estimator and the sub-constructors to prepare estimates 
quickly and precisely. The preparation of drawings and specifications takes 
considerable time, whereas bidding periods are generally of short duration. It is 
therefore evident that the quantity surveyor must have a specification separated by 
section or units of work so that he can list the materials and quantities, note the 
methods of their use and installation, secure prices and tabulate results, all within a 
three to four week bidding period. Such a system also permits the specification 
writer to organise his own material. It provides a method for organising the 
information on the drawings in a systematic, orderly and pre-arranged manner. 
Whatever the method of improving the layout and sections of the specifications, 
there is still a need to revolutionise the method of specification writing. TQM is 
capable of doing that The aim of this project is to implement it to specification 
writing and get every body producing effective, useful specifications. The proposed 
dynamic model in this research provides a package to do this with the elements of 
TQM to improve the standard of specifications. 
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6.8 Summary 
Specifications are one of the necessary constituent elements of the contract 
documents; it is imperative that practicing architects and engineers have a very 
good working knowledge of the role that specifications play. Specifications must be 
written by all design members involved in designing the project, not only by the 
architect, the assistant or the specification writer. 
There are two systems of writing specifications; the first one is the method system 
where the specifications describe in detail the material, workmanship, installation 
and fixing methods. The second system is the results system and the specifications 
specify results to be achieved and the constructor is responsible for achieving the 
desired results whatever the method the constructor chooses to use. 
The preparation of specification and contract conditions practised in Bahrain is to 
often copy from other specifications that are made by somebody else earlier. Due 
to lack of skills and knowledge in specification writing. Whatever the mistakes and 
discrepancies, inconsistencies and unclear wording are repeated once again in a 
new project Due to the poor standard of specifications the following problems 
arise from the present situation. 
" Most of the projects do not finish on time. 
" Allocated project's budget is raised due to changes and variations. 
" Disputes arise with unhappy clients ending up in court. 
" Qualities of buildings are compromised to finish the project 
" High penalties with time consuming correspondences and instructions. 
" Lost of trust and confidence between parties of the project with no future co- 
operatiom 
TQM is capable of improving the method of specification writing and the quality of 
specifications with the implementation of TQM elements of teamwork effective 
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communication, creation of culture, continuous improvement and value 
engineering. The level of specification will definitely improve by eliminating all 
those problems of the existing specifications used in Bahrain, through the proposed 
dynamic model in this research. 
There is a need for an improved specification as building designs grew more 
complex and materials and construction techniques become more involved, it 
becomes necessary to increase the number of technical sections as more portions of 
the work came under sub-contract. 
There also a need to review the appfication of different software packages in the 
construction industry, as it is one of this research objectives, which wiH be reviewed 
in the next chapter. 
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CHAPrER SEVEN 
OVERVIEW OF THE APPLICATION OF DIFFERENT 
SOFrWARE PACKAGES IN THE CONSTRUCTION 
MANAGEMENT 
7.1 Introduction 
The evolution of rF has been a major factor in boosting the efficiency of every 
profession both in practice and implementation of its specific rules, theories and 
principles. It would not have been possible to bring "'PROMANSYS" to the 
efficiency level aimed for in the objectives of this thesis, without doing chapter 
five (the use of information technology in the construction industry) and this 
chapter. The purpose of this chapter is to overview and study most packages 
used in the construction industry with their advantages and disadvantages, and 
come-up with a software package that is serving the aim and objectives of this 
research; establish competitiveness between "PROMANSYS" and other packages 
available in the industry, assess the new features and techniques available in 
"PROMANSYS", and achieve uniqueness of the framework between other 
packages and at top of all with its advantages, features and effectiveness in 
improving performance in the construction industry through the implementation 
Of TQM. 
One of the professions that have benefited most from the advancement of IT is 
Construction Management It provides the necessary tools for effective control 
and project management, the facility for budgeting planning and monitoring of 
the progress of each project 
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Software packages are now available on the shelf to support professionals in 
their respective fields. Development tools are also available to customise or 
develop software based on specific user requirements. 
In order to implement effective construction management, the use of these 
software packages is necessary, not only to save time, but to formuIate guidefines 
on budget, planning and scheduling of activities. 
There are many elements to be considered in selecting the right software for a 
specific profession. The first and possibly most important is the user interface 
specification. The software designer needs to follow certain steps and know 
proven procedures in order to produce a system that is fast, compact, easy to use, 
maintainable and works well with other systems. One of the requirements of this 
research is to do a comparison and an analysis of the configuration components 
and design of the most frequently used software packages in the construction 
industry in relation to the proposed dynamic model in this research. This chapter 
will describe seven of the most commonly used software packages, analysing 
their advantages and disadvantages. The information for this chapter has been 
obtained from working on some software packages; other information has been 
taken from the users' manuals and mostly, from the Internet 
7.2 Microsoft Project 2000 
Description 
Microsoft Project 2000 is the latest version of the Microsoft Project Management 
System The application provides an effective planning tool to support 
schedulin& tracking project phases or tasks. It is regularly updated by Microsoft 
corporation to provide connectivity and centralisation of system utilising the 
Internet. 
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To utilise web application and remote connectivity, Nficrosoft Project 2000 
introduces a companion module, MICROSOFIC PROJECT' CENTRAL, which 
enables collaborative planning among workgroup members, project managers 
and other users, using the facilities of the Internet 
Web-based project management allows the project team members equal and 
convenient access to project information. Using Nficrosoft project and e-mail, the 
user can incorporate feedback from the project staff, the project manager, and 
key contacts efficiently. Through web-based project management, the project 
manager can do the following: 
Communicate with project staff about a potential task assignment. 
Distribute notices automatically to project staff regarding scliedule and 
assigmnent dianges. 
Request status and work information from project staff. 
9 Incorporate status and work updates into the schedule. 
The user can also save plans as htmI (hypertext markup language) files and post 
them on the web, where the team members can reviews and update. Users can 
also embed Gantt charts; calendars; resource sheets; and other information. 
(http: //www. Nficrosoft. com/office/project/FAQ. htin). 
Advantages 
With the facility of the Internet, this application could handle multi-national 
firms, with remote or overseas branches. It provides the required functionalities 
to manage projects, from the time the project is created up to Task Costing and 
Scheduling. 
It has a built-in scheduling engine that has an ONLINE effect to the rest of task 
scheduIes of the project. When a change or update takes effect in one work item, 
the IT impacts to the rest of projecL Nlicrosoft Project and NUcrosoft Project 
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Central, are designed under GUI (Graphical User Interface) or Windows 
environment, thus making it easier to learn as the menus and functions are 
similar to that of other Nficrosoft products. 
Disadvantages 
The application of Nficrosoft project 2000 in its design and function provides a 
comprehensive planning tool only in managing a project It is not specification 
based, as is in "PROMANSYS". It does not get all the design team of the project 
working together with one tool, therefore not promoting teamwork. Nficrosoft 
Project 2000 concentrates mainly on the relation and inter-reIation between the 
activity of the project in a certain timescale, with a focus on the resources of the 
project. Estimating and cash flow are not functions within Nficrosoft Project. The 
user of this package needs intensive training and through reading of the manual 
with long hours of practise on many projects to become expert in using Nficrosoft 
ProjecL The user needs time to learn how to use the software, as the stages of the 
implementation of the package are complicated. Especially when calculating the 
early and late start of activities with early and late finish dates of the same 
activities, bearing in mind the interrelation of the activities and the calculation of 
the float time and critical path of the projecL 
7.3 Primavera 
Description 
Primavera, a master system for multiple project management has introduced its 
latest version called PRIM"ERA EXPEDITION 7.0. It provides the required 
tools to manage projects for the construction industry, executing planning, 
budgeting and scheduling. It has a comprehensive feature of total contract 
management and administration, covering capture of contract information, 
drawings and relative submittals, meeting minutes and correspondence linked to 
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critical issues during the project duration. It also provides multiple project 
handling in multiple locations. (http: //www. priinavera. com/products/p3. html) 
Advantages 
This software was exclusively developed for construction managemenL The 
system was created, and has been revised to adapt to the real or actual 
requirements of the industry. It has the full features required to manage civil 
projects from the time of conceptualisation or estimating up to planning and 
costing. It is a portable system and could be utilised in a standard PC 
configuration and is available as a Windows based operating system. It has 
facilities to customise and capture changes made in the project, its causes and 
relative negotiations up to approval. Its feature provides Online or flow through 
effect in the project, for both its cost and time schedule factor. As changes or 
transactions are created, costing files are instantly updated, providing real-time 
project information for analysis, forecasting and better cost management 
decisions. 
The introduction of Primavera Project Planner (P3) with interface to other 
Primavera products, the Primavera Expedition and Sure Track, has provided 
enhancements to the system as a whole, summarized as follows. 
0 Capability to control large and complex projects, with up to 100,000 
activities per project, 24 activity codes, 16 custom data items, 10 project 
codes, 19 levels of sort, 28 levels of selection criteria and 31 activity 
calendars. 
0 Multiple projects in a multi-user environment 
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Disadvantages 
Primavera is basically a Project Management System. It is able to manage multi- 
site and major contracts. Its design and components are developed to handle 
large scale or major projects thus making it impractical for n-dnor range projects. 
Whether the project phases are in one single site or more, the functions it 
provides are still the same. The procedures it observes to generate the required 
reports are tedious and time consuming for ordinary users. 
In order to fully utilise the facilities of the system, Primavera segregated its 
product into three different setsý the Enterprise Edition, P3 and Sure Track 
Project Manager, which should be implemented separately. TI-ds requirement of 
the system provides the links or share of information from all the modules. This 
situation is therefore not practical for ordinary users, making the system more 
complicated to use. 
7.4 Project Scheduler 
Description 
A PC based Project Management Software Tools, which provide functions to 
handle team planning, costin& and scheduling of projects. It is for general 
applications and could adapt to various lines of profession. It is intended for use 
in a Windows 95-environment or Windows NT. 
(http: //www. scitor. com/ps7/indexasp) 
Advantages 
Similar to the other systems previously mentioned in the study, Project 
Scheduler has the full features to handle a Project Management System. It is for 
general application and is not specific to any profession or field of practice. It 
provides a parameterised feature to adapt to various types of projects. It has full 
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compatibility with Nficrosoft Office 97 and works on a standard PC 
configuratiom 
It has add-on features which helps users in their day-to-day activities such as Tip 
of the Day, Multi level undo and redo, specific field level help facilities to interact 
with the user during utilization. It also provides a very useful facility to 
incorporate Resource Assignments, to locate and manage important resources of 
the projea 
Disadvantages 
It is purely a planning tool and the system's functions require thorough 
definitions and training to understand their usability. The menus, or set of 
functions provided are not intended for ordinary users. In order to fully utilise 
the system, the user should be aware of its modular or functional components, its 
specific output and formulation. 
One of the functionalities that are not common, or abstract to user are the project 
sdiedule or the job of task scheduling. It has its own internal process and 
generates its own analysis of the schedule of activity. After this process the user 
should be aware of the next step to complete the system process, such as resource 
assignment, orderin& filtering and sorting. 
Good communication and clean understanding of the timing and sequence of 
events is not handled well in Project Scheduler. In addition to that, the "ease of 
use" feature has not been taken into account on this software, this will reduce the 
number of users that will benefit from this project. 
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7.5 Timberline 
Description 
Timberline is an integrated estimating and accounting system for the 
construction industry. It is supported by sub-systems on the same platform, by 
the following. 
Timberline Gold Collection, a management tool to handle project 
accounting in construction or a leased-based system such as Property 
Management industry. 
Timberline Precision Collection, for estimating and budgeting of 
construction projects. 
It could be linked to CAD, Schedulin& bidding software, and more. It is a 
full pledge financial system, comprising of the following support 
modules. 
0 Accounts Payable 
0 Accounts Receivable and Contracts 
0 Advance Retail 
0 Billing 
0 Equipment Cost 
0 General Ledger 
0 Information Assistant 
0 Inquiry Designer 
0 Job Cost 
0 Payroll 
Property Management 
(http: //www. timberline. com/news/articles. html) 
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Advantages 
Timberline software applications are designed for the construction industry. It is 
an integrated system, which works with full interface from both job and financial 
accounting, thus making it different from other software. It generates reports, 
from job estimation, plannin& costing and scheduling up to general ledger and 
financial aspects. It works with standard platform, such as Windows 95,98 and 
Windows NT, and could share information to other software packages such as 
Primavera, Sure Track and others. This feature is very important and useful, 
especially for transfering data from one software package to another instead of 
feeding the software with the data again. 
Disadvantages 
Timberline is a complete accounting and management system, which covers 
project handlin& estimating, costing, scheduling, general accounting and 
financial reporting. It is basically intended for a well-organised construction 
establishment, with departmental and sectional activities. This means that, in 
order to utilise or apply the package, the users are required to be trained 
properly, specific to their line of responsibility. Options to custon-dse or modify a 
module to adapt to the real environment are not available and therefore, it is 
difficult or impractical for a medium range industry to implement. It is an 
integrated system and requires parameterisation or set up prior to 
implementation. This creates a draw back to some establishments, as it is 
necessary for them to create an IT department internally to administer and 
supervise implementation. 
The software package has nothing to do with the planning of activities, resources 
or specification. It is purely an estimating software intended to create and 
develop proper estimating systems for the construction industry. Its features and 
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functions are different from all other planning software; it is in line with 
estimating and taking-off packages in the construction industry. 
7.6 Sure Track 
Description 
Sure Track is a project management software that helps to plan and control the 
project schedule, from planning the activities needed to complete the project, to 
tracking project progress and determining how quickly it can be completed. It is 
part of the Primavera software package. It is software for the planning of 
activities and resources in the construction industry. 
Sure Track enables the user to create new projects by adding and 
modi4ring activities, creating relationsl-dps between these activities and 
developing calendars for a projecL This includes instructions for 
assigning resources, costs and revenues, building a schedule and defining 
the critical path for the project 
Setting up the coding structure (breakdown structure and activities code), 
grouping and sorting activities; selecting activities by filter and 
summarising project data. 
Discuss the appearance of the project including instructions for 
controlling the activity columns, bar chart and PERT view. 
Create target dates for the project, update the activities progress and 
resources and costs, analyse resources using profiles and tables. 
Printing layouts and reports including graphics that communicate 
information about the projecL 
(http: //www. primavera. com/products/st. html) 
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Advantages 
9 Multi-user considerations: When working with project groups and 
member projects, initial users can access different member projects of the 
same project group in Read Write mode. 
0 If upgrading from Nficrosoft Project, Sure Track makes the transition 
smart and easy because Sure Track has many features similar to those of 
Nficrosoft Project as weH as features unique to Sure Track. 
0 ff working in a concentric Project Management environment that includes 
using Primavera project planner (P3) in conjunction with Sure Track. Sure 
Track can open, save, backup, and restore the project in P3 format as weH 
as in Sure Track. 
When needed to share project information with other organisations 
around the world, Sure Track can translate the language of the activities to 
another language you select using set language control. 
Disadvantages 
Sure Track is part of the Primavera series of packages. Therefore, it is in the same 
series of planning packages and tools. It is not a specification writing software, 
nor is it a cash flow and budgeting programme. It has no building rate library 
and nothing to do with value engineering. It is not a TQM tool or software 
package which implement the TQM elements such as teamwork, effective 
communication between members of the in both design and construction, teams 
it can not be continuously improved by the users and does not create a culture 
during the design and construction stages. 
7.7 SAP/3 
Description 
SAP stand for "software, Applications, and products in Data processing". The 
overall intention of the SAP R/3 system is to empower all normal business 
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processes while simplifying the task involved. SAP R/3 is divided into Sales and 
Distribution, Production Planning, Accounting, Human Resources and Material 
Management. The spectacular thing about this familiar division is it is done with 
precisely directed integration. The processes are normally linked within a 
business base. This provides real-time updating of information from one 
business area to the next. Better information leads to better decisions, which 
leads to better business. The integration of the modules within SAP R/3 are 
broken down into four high level work areas. 
Logistics 
Accounting 
Human resources 
Business tools 
The first three are recognisable form their business function functionality. 
Business tools represents the system management of SAP R/3 this includes the 
configuration of the system, communication and administrative tools. HiqeL 
KeHy and CCAi (1998) 
Advantages of SAP F/3 
0 The user interface is simply a graphic user interface, which makes SAP 
easily adaptable by the user and a powerful interactive development tool. 
Integration in the data collection systems makes information easier to 
obtain and analyse. SAP/R3 is a powerful tool to collect and analyse 
information needed to guide a business. 
0 Quick accessing and accurate up-to-date information online. 
Better control of information, whicli leads to making the most of dianges 
in the market place, and this leads to increased revenues, profits and 
opportunities. 
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Disadvantages of the S" F, /3 
0 Many users complained that the system was hard to work with and 
demanding time consuming for data input 
0 To be customised with the system, the user needs thorough training. 
0 It is again a planning tool to control activities, resources and material of 
the project. 
0 It is not a teamwork package. 
0 It is not a specification writing method. 
7.8 Construction Computer Software (CCS) 
CCS Description 
CCS is an integrated system specifically designed for the construction industry. 
The major components are estimating, valuations, planning and cash flow. 
Estimating- an analytical, resource-based estimating system with powerful tools 
for producing tenders rapidly and accurately. 
Valuations: on successful tenders the estimate is used as a basis certification, 
Budgeting and forecasting. 
Planning- a versatile and easy to use construction planning system whidi links 
the estimate and cash flow, to produce forecasts of the estimate's cash and 
resources. 
Cash flow- models the financial requirements of a construction project so that 
the cash flow can be optimised. to maximize return on investment 
(http: //www. ccsus. com/default. html) 
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Advantages 
" It offers a comprehensive and integrated set of software tools to facilitate 
the management of construction projects, improving accuracy and 
increasing productivity. 
" It combines much software into one software with regard to functions, 
such as estimating planning and cash flow. 
" It has the full features required to manage construction projects from start 
to finish. 
The ability to print layouts and reports including grapl-dcs that 
communicate information about the project. 
Disadvantages 
" It lacks specification writing techniques, no library of any specification 
related to the activities of the projects, the software is not based on 
specification tool as the main link between all design and construction 
members of the project 
" It is merely a planning tool for the project in- hand with regard to 
activities planning, cash flow and estimating. 
" It lacks value-engineering techniques as a method to go through the 
design or specification to control the quality, budget, time and life cycle of 
the project 
The user needs prolonged training and seminars to become familiar with 
the package. 
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7.9 Summary 
1. All the softwares that are commonly used in the construction management, 
such as the seven programmes overviewed in this chapter, are considered as 
planning tools to plan the activities of the project, allocate labour and plant 
resources and submit good reports and charts for the planning and control 
processes. 
2. Some of the softwares add the cash flow and estimating features to the 
planning packages as a means of controlling the time and budget of the 
project. 
3. The majority of the packages overviewed in this chapter are useful for large 
projects in the construction industry. The packages are time consuming to 
prepare, complicated and need long periods of training and experience for 
the user to become fully competent in implementing them to real life projects. 
4. All the packages in this chapter are not specification oriented as in the 
dynamic model" PROMANSYS". They have no master library for 
specifications and building rates. The advantages of the dynamic model is its 
ability to be continuously improved by the users and to take into account all 
new materials, methods of construction and management systems that are up 
to date in the construction industry. 
5. The packages in this chapter cannot be continuously improved by the users, 
only by the programme producers. This means that these packages can not be 
implemented as TQM tools for the construction industry became they lack 
one of the TQM elements and that is the ability to make continuous 
improvements to the package to satisfy the customers requirements and new 
trends in the construction industry. 
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6. The packages discussed lack the elements of value engineering, which adds a 
great value to the project in hand when implemented in improving the 
specification, the material and techniques used in the project, with great 
savings in the total budget of the project, and an increase in the lifecycIe of 
the functionality of the project 
7. Web-based project management allows the project team members equal and 
convenient access to project information Using Nficrosoft project and e-mail, 
the user can incorporate feedback from the project staff; the project manager; 
and key contacts efficiently. Through web-based project management, the 
project manager can do the following-. 
" Communicate with project staff about a potential task assignment. 
" Distribute notices automatically to project staff regarding schedule and 
assignment changes. 
" Request status and work information from project staff. 
" Incorporate status and work updates into the schedule. 
8. Teamwork is one of the main elements in the implementation of TQM. 
"PROMANSYS" uses this element at great length during the preparation of 
the project specification, B. o. Q charts and reports. Due to the fact that the 
project manager, architect civil, plannin& material, electrical, value and 
mechanical engineers and quantity surveyor, are all using the package of the 
dynamic model to form an effective teamwork effort All other packages 
available in the construction industry lack this element of teamwork, because 
only a limited number of those mentioned above would be using the package. 
This chapter overview the different packages in the construction industry while 
next chapter focuses on the proposed dynamic model "PROMANSYS" alone. 
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CHAPTER EIGHT 
QUESTIONNAIRE, RESULTS AND ANALYSIS 
8.1 INTRODUCHON 
This chapter contains two sections of questionnaires, section one: specification 
questionnaire and section two: TQM questionnaire. The two questionnaires were 
aimed at the technical staff, engineers, architects and managers in the construction 
industry in Bahrain: in the public sector, mainly government technical offices and 
service-government authorities; and in the private sector to engineering offices, 
contractors, sub-constructors and suppliers. The aim of the questionnaire focused on 
the: appreciation and use of TQM in the construction industry in Bahrain. To 
measure the awareness and the level of implementation of TQM, the readiness of the 
construction industry in Bahrain to receive TQK and through which framework 
should it be implemented. The aim of the specification questionnaire focused on the 
appreciation and use of specification in the construction industry in Bahrain. 
Analysis the current problems with specifications, the level of quality of the existing 
specifications, the problems arising from the current specifications in use, and how 
to improve specifications in the construction industry in Bahrain. 
The software package used to analyse questionnaire's responses was Mcrosoft 
Excel, with the use of pie-chart method, for ease of categorization, colouring and, 
data writing on the diart and legend style was used below the diart. The overall 
questions, responses to the questions are analysed and presented in this chapter. 
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8.2 Questionnaire objectives 
The objectives of the specification questionnaire focused on: the appreciation and 
use of specification in the construction industry in Bahrain, quality, size; standard; 
type of specification used; the problems of specifications; problems resulted from the 
use of the present specification; and what are the methods to use to improve the 
standard of specification. The objectives of the questionnaire focused on: the 
appreciation and use of TQM in the construction industry in Bahrain; effectiveness 
of communication in the industry; implementation of teamwork, commitment to 
training; recognition of the contribution and accomplishment of the employees; 
appreciation to customer satisfaction in the organisation; and coordination between 
the different departments in the organisation. 
8.3 Questionnaire design 
The questionnaire design and layout in their survey established using the 
procedures and recommended by Hoiville (1977), Fowler (1993) and Ilrescott (1993) 
as mentioned in Chapter Two. 
The two types of questions that can be used in any questionnaire are open-ended 
questions and dosed-ended questions. Most of the questions used in the 
questionnaires are closed-ended questions. Closed questions often require a short 
response in the form of yes or no, agree or disagree, important or not important. 
Closed-ended questions are easy to ask and quick to answer, they require no writing 
by respondent or interviewer, and their analysis is straightforward Nadunias and 
Nachmias (1996). 
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8.4 Sampling 
The sample is of major government technical offices, constructors and engineering 
offices, who are involved in design and construction in the construction industry in 
Bahrain, who influence the methods and quality of the construction industry project 
and buildings. 
A questionnaire survey (110 questionnaires) was posted and distributed to the 
Ministry of Housing (22), Ministry of Public Works (17), Central Municipal Council 
(16), Building Constructors (30) and Engineering Offices (25) questionnaires. 
8.5 Response rate 
The questionnaire (with 29 questions) contained two sections, section one: 
specification questionnaire having 11 questions and section two: TQM questionnaire 
having 18 questions. The total responses rate of the two sections were analysed 
based on the total questionnaire sent out which were 110 questionnaires, the total 
responses that were returned were 43 responses, giving an overall return rate of 39 
percent This is considered an accepted and reasonable response rate according to 
Fowler's assumption Fowler (1988) the response rate in excess of thirty percent is 
accepted. 
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8.6 Section One: specification questionnaire, results and analysis 
213 
Question 1 
Sý 
Question 1 
Do you write specifications for every project you do? 
Analysis 
Even though the questionnaire was mostly distributed to Government Departments, 
Ministries, and Technical offices, it was noted that 26 percent of the respondents 
don't write specifications for every project they do. This shows that there is little 
appreciation of the purpose of specifications. This will always put the quality of the 
building materials used, quality of workmanship and quality of the method of 
construction used in question, with the fife cycle, durability and feasibility of the 
project executed. The answers to this question might be related to the size of projects 
in hand, but still for the quality to be achieved in any job whether large or small, it 
has to be measured against pre-set standards of quality requirements for every new 
job designed especially if the design has unique features, to be used as a benchmark 
for the project With the absence of the quality standards the finished job will always 
be in question, and conflicts in the job would be difficult to avoided. 
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Question 2 
10% 'A 
87% 
M Write New Specification 
0 Use The Same Old Specification 
13 Use Old Specification And change Whenever needed 
Question 2 
For new projects do you? 
Analysis 
Projects in the construction industry are often unique, and there is a need to write 
new specifications for each project. Eighty-seven percent of the respondents use old 
specifications from previous projects. This process could lead to conflicts and 
duplication of clauses, in many instances irrelevant clauses are found which have 
nothing to do with the new project. Many clauses also clash with each other, as the 
modification done to tailor the specifications to fit the new project, do not delete 
previous clauses used in the previous job, which often stated the opposite of the new 
modification. This is common practice in the construction industry in Bahrain. This 
practice emphasises the need to create and develop a master specification for the 
construction works by a government body, to keep improving these specifications 
from time to time, and to introduce new clauses to incorporate new materials, new 
techniques and methods of construction in the construction industry. These 
specifications could be divided into small, medium and large project's specifications. 
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Question 3 
1)107- 
Question 3 
Do you have computerised specifications? 
Analysis 
It was noted that the direction of future specification is for the computerised 
specification. It was encouraging to see that seventy-seven percent of the 
respondents are already using computerised specification. Unfortunately, after 
conducting some interviews to investigate this matter, it was concluded that the 
answers to this question had been interpreted as referring to specifications that have 
been 'typed' or computed and saved on a floppy disk for use and modification of 
new projects. This has nothing to do with the creation of master specification, use of 
local material and solutions to existing concrete problems, standardisation, inclusion 
of up to date new material techniques and method. The respondents answers still 
reflected a desire to have the specification on computers and to move away from the 
manual method of specification writing. This is encouraging in the sense that any 
new methods package for specification writing in the construction industry would 
be welcomed and not rejected as a new trend in the industry. 
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Question 4 
58% 
0 Useable ForAll My Jobs 0 Need Some Modifications 
--El 
Must Be Improved 
Question 4 
What do you think of your existing specifications? 
Analysis 
The survey indicates that the existing specifications used in the construction 
industry need to be modified by fifty-eight percent. Twenty-three percent agreed 
that they must be improved, making the total of eighty-one percent as the majority 
of the respondents are, not happy with the existing specifications used in the 
construction industry, due to the problems faced at the job sites, difficulty of 
implementation and conflicts resulting from the use of the existing specifications. 
There are still nineteen percent of the respondents who think that their specifications 
are useable for all the projects they execute. This slice of the the respondents reflects 
those who think that what they are familiar with is always the best and anything 
new is an extra cost for no reason. This slice objects to any calls for change. But the 
majority are calling for change and requesting an improvement in the present 
situation regarding specifications and this is encouraging. 
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F- 
Question 5 
14% 
28% 
26% 
80X 
8% 0/ý 
0 Repetition 
0 Not Precise 
0 Conflict in clauses 
Question 5 
Your specification has a problem of? 
Analysis 
It was noted that there are many problems with the existing specifications. Seventy- 
two percent of the respondents replied that there are problems with specifications, 
twenty-six percent being incomplete, sixteen percent being not precise, four percent 
with problem of repetition in clauses, eight percent unclear and eight percent with 
conflict clauses. These results support the answers and replies in Question four 
emphasising the need to change existing specifications, and create new modern, up 
to date, clear and usable specifications. The responses to this question calls for an 
immediate change of the present situation. The continuation in using these 
inadequate specifications will result in poor quality buildings, more disputes and 
court cases and a waste of time and money. The problem is that no one is doing 
anything about it in either the private or the public sector. This is how the need for 
this research came about, and with the introduction of the new technique of 
specification writing in "PROMANSYS" and the implementation of TQM to improve 
the performance in the construction industry through specification improvement. 
0 Uncomplete Specification 
El Unclear 
0 None 
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Question 6 
5% 7% 
45% 
43% 
0 FIDIC (Federation International Des Ingenieurs- Conseilsý 
0 JCT( Joint Contracts Tribunal) 
El ICT (Institution of Civil Engineers Conditions of contract 
D Others( Specify) 
Question 6 
For the contract conditions in your specification do you use? 
Analysis 
The majority of the respondents use Federation International Des Ingenieurs - 
Conseills (FIDIC) and joint Contracts Tribunal (JCT) conditions of contracts for 
standard specification of fourty-five percent and fourty-three percent respectively in 
their projects, showing that the European standards and quality levels of 
workmanship, legality clauses and the system of management running the sites. 
There are many conditions generally in the Gulf region and specifically in Bahrain, 
which impose a need for standard specification such as the conditions of a hot 
climate, the availability of the raw materials, the methods of construction at sites and 
the level of workmanship available in the region's markets. Most of these conditions 
differ from the conditions mentioned in the Federation International Des Ingenieurs 
- Conseills (FIDIC) and joint Contracts Tribunal OCT) and Institution of Civil 
Engineers conditions of contract (ICT) clauses of the specifications. 
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Question 7 
-1 
16% 
% 
289/c 
22% 
50 Pages 0 50 - 100 Pages 0 100-200 pages 0 More 
Question 7 
Your specification size is between? 
Analysis 
The responses of this question showed that the standard of specification is 
inadequate, as fifty-six percent of the respondents are using specifications of 10-100 
pages only, which is usually not enough to cover contract conditions, general and 
particular specifications, electrical and mechanical. 'Ibis weakness is reflected in the 
quality of the projects executed. Nlissing information creates conflict at job-sites and 
a large number of variations, increasing the budget set initially for the project, which 
damages the feasibility study and investment return of the project set at the initial 
stage of the project design. The introduction of master specification will unite most 
of the building projects to a similar size of specification, where all the clauses are 
saved on a cd and modified according to the project in hand, and that would mostly 
be in the finishing clauses as the civil, mechanical and electrical works often have the 
same standard of material, workmanship and methods of fixing. 
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Question 8 
7% 3% 
10 
bu, /o 
0 Less Than A Week 0 Less Than a 
0 Two - Three Moryths 0 More 
Question 8 
How long does it take you to prepare your specification? 
Analysis 
The majority sixty percent of the respondents prepare their specification for the 
project in a very short period, regardless of the size and complexity of the project. 
This showes that the answers for Question 2 is right, which means that specifications 
of new projects are used from previous jobs and changed in a short time wherever 
needed. This reflects the lack of appreciation of the purpose of specification and is 
done for the sake of completing the contract documents in a short time. There is no 
appreciation of the possible adverse outcomes such as conflicts in clauses, unclear 
specification, duplication in clauses and incomplete specifications. These problems 
would also be solved by the creation of master specifications for the construction 
industry, categorised according to the size and type of the project. 
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Question 9 
-1 
7% 
1E 
45% 
Jullo 
Descdptive Specification M Performance Specifications 
Proprietary Specifications 0 Others( Specify) 
Question 9 
What type of specification do you use? 
Analysis 
The majority of the respondents who answered this question indicated the use of the 
descriptive specification fourty-five percent, then the performance specification 
thirty percent and only seven percent used both combined, and eighteen percent 
used only a proprietary specification. Unfortunately, during the interview stage, it 
was discovered that the majority really did not know the difference and the meaning 
of the different types of specifications. Which showes that they only assumed what 
type of specification they were using and selected one to the best of their knowledge. 
Even though the meaning of each " of specification was written in the 
questionnaire itself, to get precise answers to the question. This proves that the 
respondent to the question not only lack appreciation of the purpose of specification, 
as in the answers to Question 1; they are also not aware of the different types of 
specification in the construction industry in general, or when to use each type of 
specification. 
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Question 10 
24% 
32% 
8% 
Roo % 
8% 20% 
0 Every Six Months 0 Every Year 0 Every Two Years 
0 Every Three Years N More 0 Do Not Improve 
Question 10 
How often do you improve your specification? 
Analysis 
This question was designed for the purpose of confirming answers of previous 
questions, like Questions 2,4,6 and 8. It did confirm that twenty-four percent of the 
respondents don't improve their specifications, but only use the same old 
specification. Thirty-two percent improve in a time period of every three years or 
more. Thirty-six percent improve their specifications within a three-year time 
period. Respondents did not take into account before executing their projects, the 
problem of construction, new techniques, new methods of construction and new 
materials of improved quality in the construction industry. This keeps them years 
behind in obtaining the quality standards required by clients, and holds their 
survival at stake. 
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Question 11 
12% 
88% 
LE Manual Specifications 0 Computerized Specifications ý 
Question 11 
Do you prefer? 
Analysis 
The preference and the direction are towards computerised. specifications rather 
than manual specifications, in order that they are easy to amend, change, improve 
and modify. It is an encouraging indication towards the improvement of the 
specification, and this showes the validity and necessity of this thesis, as 
improvement of specification writing is the focus of this research. This indicates that 
when the package "PROMANSYS" is introduced to the construction industry in 
Bahrain, it should be welcomed and appreciated as it is based on computerised 
specification and lead to the information of master specification to the Gulf region. 
The majority of the responses eighty-eight percent to this question show a need for 
computerised specification in its true meaning, not just clauses of conditions saved 
on diskette and re-copied. The computerised specifications shown link all design 
and construction team members, it should be continuously improved, should be an 
effective tool of communication, and get everybody to work as a team. 
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8.7 Section Two: TQM questionnaire, results and analysis 
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Question I 
13% 0% 18% 
69% 
EJ Familiar with it and implemented it 
E Familiar with it bLA never implemented it 
0 Heard of it 
1: 1 Never Heard of it 
Question 1 
How familiar are you with the TQM concept? 
Analysis 
The concept of TQM is still new to in the construction industry in Bahrain and few 
organisations have used or implemented it yet. Thirteen percent of the respondents 
had never heard about it and do not know what it is. Sixty-nine percent of them 
have heard about it and do not know what it is. The remaining eighteen percent 
knew what it is and still have not implemented it The interviews showed that the 
knowledge came through attending seminars, workshops, and short courses on how 
to be prepared to use it whenever they are requested to implement it The overall 
results of the responses showed that TQM is a new concept. This emphasises the 
need to introduce TQM to the construction industry in Bahrain. The main objective 
of this research is to implement TQM to specifications to the construction industry in 
Bahrain to improve performance through specification improvement; it will take 
sometime to see the results. It might take five years or so, but better to start now 
than never. 
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Question 2 
18% 
OZ-/O 
0 Yes 0 No] 
Question 2 
Did you participate in a TQM seminar or workshop? 
Analysis 
The responses to this question show the results obtained for Question 1. The 
majority of the responses eighty-two percent have not attended any seminars or 
workshops in TQM, but only eighteen percent attended. These seminars and 
workshops were organised by the Society of Engineers in Bahrain to educate the 
Bahraini engineers with all new concepts of construction management, new 
techniques, materials and methods of construction, because that is one of the 
society's objectives. Ibis also shows the hard work is needed to change the 
percentage to a majority who are aware of the concept of TQM. The efforts should be 
shared by the private and the public sectors. The government bodies should take 
care of their employees; the engineering society and other technical institutions 
should provide equal chances to managers, engineers, supervisors and technical 
staff in the private sector. 
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F- Question 3 
0% 
Question 3 
Does your organisation implement TQM? 
Analysis 
The design and purpose of this question is to confirm the result of question 1 and 2, 
to ensure if TQM is implemented, and the person replying to the questionnaire may 
or may not have been part of the team implementing TQM. The responses to this 
question showed that TQM is still a new concept to the respondents. In this case of 
hundred percent of the respondents had not implemented TQM, the process should 
start from top management with plans, policies and budgets which should be 
allocated to this process. The reason to start from top management is to learn from 
Demingý's experience in the U. S. A as the TQM guru started with supervisors and 
seniors of technical staff. In Deming's experience in Japan emphasised on starting 
TQM lectures with top management. 
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Question 41 
6% 
% 
35% 
24% 
LE Always -0 --- M-os-b-y -E]--R-ar-el-y- -0-N-e-ve-r 
Question 4 
Do you think that your organisation encourages teamwork? 
Analysis 
This question is about the encouragement of teamwork in the organisation. Senior 
management does not yet take this notion of teamwork seriously. The majority of 
the respondents are still not convinced that their organisation encourages teamwork, 
while their response to Question 5 is that the majority of respondents were 
encouraged to implement teamwork, which reflects the big difference between their 
willingness and their senior manager's attitude. The lack of awareness towards 
teamwork of the senior manager in their methods and styles of management puts 
the organisation's survival at risk. Teamwork is an essential element of TQM, 
without it any TQM programme will collapse. In " PROMANSYS" teamwork is the 
main feature of TQM elements implemented. As seen in the answer to the previous 
question, it is the top management that should be started with and not the technical 
staff of the organisation. 
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Question 5 
*AhAWS 0 KAo-st-ly-O-R-arely 0 Never 
Question 5 
Do you like to contribute in teamwork? 
Analysis 
The question is about employee's willingness to contribute in teamwork. The 
positive responses eighty-two percent reflect a very welcoming attitude encouraging 
to see the teamwork spirit among the respondents. which should be utilized and 
improved to achieve a standard of quality and customer satisfaction. Before starting 
any teamwork programmes the top management should be assured that the 
employees are aware of the meaning of teamwork. The interview took place after 
completing the questionnaire showed that some of the employees thought that 
teamwork is an official work group only, which is not the right meaning of 
teamwork. It should be understood that in any teamwork programme there must be 
shared responsibility, continuous co-ordination, shared beliefs, ideas and objectives, 
shared pooling of knowledge and experiences and commitment by all team 
members. 
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Question 61 
* Always 
* Mostly 
* Rarely 
0 Never 
58% 
Question 6 
Do you get enough information to do your job properly? 
Analysis 
This question is about the levels of information delivered to employees to perform 
their duties properly. The responses showed that only eighteen percent of the 
respondents confirmed that enough information is delivered to them to do their job 
properly. This reflects the weakness and ineffectiveness of the management of 
information system implemented, and the ineffective system of communication in 
the organisation. The respondents feel that either they do not get the right 
information from senior managers or feel that they are being isolated from 
important decisions. TQM is based on a good information system in any 
organisation, without it all TQM programmes will fail. The effectiveness, speed, 
value and the media of information are reflected in the services and products of any 
organisation. The organisation wiH be short lived and wiH struggle in its survival 
with a weak information system. The proposed dynamic model in this research 
"PROMANSYS", emphasizes of the effectives of the TQM communication element 
as an essential part of the information system in the organization. 
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94% 18% 
Question 7 
I Q0/- 
4% 
42% 
1-7u 70 
*ýýays-llllll Mosb_y_El Rarely 0 Never 
Question 7 
Do you often put forward views for improving your work? 
Analysis 
This question is about employees' initiative to put forward views for improvement. 
The purpose of designing and putting this question in the questionnaire was to find 
out about the employee initiative in participating to improve the processes of the 
organisation and share in setting out the overall management policies of the 
organisation. The survey showed a great willingness and actual participation in the 
process of improvement seventy-eight percent of the respondents while others 
twenty-two percent still need encouragement and training to be able to participate 
fully in the process of improvement This is part of the teamwork process, when the 
employees put their views and participate to improve their work; actually they work 
as a team to the benefit of the organisation and the end product or service. The 
responses to Question 5 showed that there is willingness from the employees to 
work as a team and the management should encourage this team spirit. 
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Question 8 
7% 
2Z YO 
38% 
M Mostly 0 Rarely 0 Never FMýlways- -- 
Question 8 
Do your supervisors welcome your views for improvement? 
Analysis 
This question is about superiors' receptivity for views for improvement from their 
subordinates. It is interesting to note that only thirty-three percent of the 
respondents replied that their views are always welcomed and thirty-eight percent 
are mostly welcomed while twenty-two percent are rarely welcomed and seven 
percent never welcomed. This could be explained that either most of their views are 
not to the expected standard according to their superior's expectations or that the 
superiors were not precise in their perception. The minority might feel that they are 
being dictated as what to do with not much room for feedback. Not being receptive 
to subordinates' views and suggestions is again a problem for top management. In 
some good orgardsations, the management provides incentives or awards to the best 
idea for improvement as a means to encourage their employees to do their best and 
always give their best ideas for improvements. The employees would feel that they 
are actually part of the organisation and are sharing the achievement of their 
management. 
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Question 9 
9% 
31% 
33% 
N Always 0 Mosby 0 Rarely 0 Never] 
Question 9 
Do you think that your organisation adopts sufficient systems that are able to 
provide its customers with quality services? 
Analysis 
This question is about the sufficiency of systems and procedures to provide the 
customers with quality services. The responses to this question were not 
encouraging but were expected as only twenty-seven percent of the respondents 
always think that their organisation adopts sufficient systems to provide its 
customers with quality services, which indicates major shortcomings in the systems. 
This may impose the need to revise current systems and search for more modern 
ones that are capable of ensuring improved quality services to the customers. This 
reflects a loss of trust in the organisation by the employees, if this is the case with the 
employee, what about the trust of the customers in the organisation? This appear to 
be a major internal and external problem, and also reflects a diminished culture; the 
employees and the management do not share the same culture. in this case 
customers are never satisfied and TQM will never be implemented. 
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------Question 
10 
Question 10 
Does your organisation have an effective management information system for 
decision-making? 
Analysis 
This question is about sufficiency of management information system for effective 
decision-making. The responses to this question were very discouraging as the 
majority of the respondents sixty-three percent agreed that their organisation does 
not have an effective management information system (MIS) and twenty-five 
percent mostly agreed that the management information system works for effective 
decision-making. This is a weak foundation to establish TQM in the organisation. 
The results reflect an existing inefficient communication system to take care of the 
flow of information up to the level of decision making. The responses to this 
question support and agree with the responses of Question 6 (to take and enforce a 
decision, the employees and their management both need a good information 
system to implement the organisatioWs plans and strategy as set initially). 
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Question 11 
6% 
41% 
Z-. +-/O 
I IMMostly 0 Rarely El Never EMAMays- ---- 
-- - -1 
Question 11 
Is there management commitment towards training? 
Analysis 
This question is about management commitment towards training. It is 
discouraging to see the responses to this question, a declining trend towards 
training. Only twenty-nine percent of the respondents showed commitment of the 
management towards training. The majority fourty-one percent rarely receive 
training. The concept of training in the organisation of the construction industry in 
Bahrain means extra budget, and there are always limitations to the budget and to 
the overall expenses per annum. Training is still not appreciated in the organisation 
of the construction industry, as dependency of manpower is still not on the local 
technicians and workers. Once TQM elements are raised, the employee's 
appreciation and work skills are increased and the quality of the end product is also 
raised. By this customer satisfaction is gained, the organisation's turnover is 
improved and the organisation's position to training resembles an organisation 
working forwards. 
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Question 12 
3% 
2 
41% 
LE Always 
_M 
Mos_ty__D Rarely O-Never 
Question 12 
Are your contributions and accomplishments recognised and appreciated by your 
superiors? 
Analysis 
Ibis question is about recognition of employees' contributions and 
accomplishments. The responses to this question support and confirm the responses 
to Question 8 that only thirty percent of the respondents confirmed the recognition 
of their contribution and accomplishments and still twenty-nine percent do not see 
that their contributions recognized. Ibis might be due to the fact that performance 
measures are relatively absent or not very clear. This also could be to the absence of 
effective communication and feedback. An employee's accomplishment without 
recognition is a depressed employee, killing the creativity and contribution to 
improvement not only in the employee who accomplishes and achieves something, 
but also in every employee in the organisation. The competition between an the 
employees to do better will be diminished due to the fact that their efforts are not 
appreciated. 
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Question 13 
09/o 
LMAlways M Mosby 11 Rarely 0 Never 
Question 13 
Is customer satisfaction of primary importance to you? 
Analysis 
This question is about the importance of customer satisfaction. It is interesting to see 
that the majority seventy-six percent and mostly eighteen percent totalling ninety- 
four percent of the respondents appreciate customer satisfaction, and are willing to 
achieve customer satisfaction, which is one of the TQM elements. Ibis indicates that 
the basis is there for TQM implementation, but the other elements of TQM elements 
are still not appreciated. Due to the fact that the organisations have good teamwork 
and recognition of employees' good initiatives, all of these elements are the 
responsibilities of top management If the employees, as the responses show that 
they are willing to change, improve and adopt TQM in the organisation, the top 
management should appreciate this willingness and use it to improve the 
performance of the organisation. 
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Question 14 
8% 
23% 
39% 
[IWAAý-a ys-E Mostly 
_D 
Rarely 
Question 14 
Does your organisation try to perceive and respond to customer interest? 
Analysis 
The question is designed to determine whether employees see their organisation as 
really customer oriented. Only thirty percent of the respondents sees their 
organisation as customer oriented. A lot of effort and improvement still needs to be 
done to focus on customer satisfaction. Some organisations in the construction 
industry in Bahrain do not pay much attention to the customers' interests. It might 
be due to the old methods of management systems used, or due to the weak 
performance of senior managers running the organisation. Whatever the reasons 
mentioned above it is actually a lack of a TQM system in some organisations; in the 
construction industry in Bahrain. This is why this research is done to provide a 
framework to implement TQM and improve performance in the construction 
industry in Bahrain, through the proposed dynamic model "PROMANSYS". 
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Question 15 
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32% 
39% 
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Question 15 
Is the understanding of customer requirements crucial in your organisation? 
Analysis 
This question is designed to determine the openness of organisations; to understand 
the requirements of customers. This confirms the responses on Question 14 which 
still reflects a problem in understanding the concept of 'customer. ' This is due to a 
lack of awareness of TQM and quality concept in general. Customer requirements, 
needs and feedback in any organisation are the benchmark to the whole production 
cycle in the organisation; in the construction industry or in any industries in the 
market Without knowledge, research and studies to the client' s requirement, any 
production plan is definitely a failure in any organisation. It is discouraging to see 
organisations, in the new millennium, still not focusing on customer satisfaction. 
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Question 16 
1% 12% 
17% 
70% 
0 Aways 0 lVk)stly 0 Rarely 11 Never] 
Question 16 
Is coordination between the different departments clear and effective? 
Analysis 
This question is about the level of coordination between departments. The majority 
of the respondents seventy percent agreed that coordination between different 
departments is weak, and only 12 percent confirmed the effectiveness of 
coordination between departments. This could be due to the existing ineffective 
communication system in the organisationof the respondents and to the 
implementation of bad teamwork policies by senior management in the 
organisation. Responses to Question 5 prove the willingness of the employees in the 
organisation towards teamwork, but the responses of the answers to this question 
proves that the management discourage teamwork. Without effective co-ordination 
between different departments, all the master plans set earlier in the organisations 
by senior management will fail. Clashes in the processes, methods, strategies and 
systems will result in loss of time and money with disturbances in the production 
fine as the project manager tries to get everybody in tune to work towards 
organisational objectives. 
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Question 17 
1 
7% 19% 
21% 
53% 
0 Always 0 Mostly 0 Rarely 0 Neverl 
Question 17 
Do you think the communication system is effective in your organisation? 
Analysis 
This question is about the effectiveness and awareness of the benefits of 
communication between management and employees in the organisation. Only 
nineteen percent responded that their communication system is effective, as eighty- 
one percent are not sure about their communication system. This is due to the lack 
of awareness of the benefits of an effective communication system, which creates a 
large gap between the management and employees, and between the organisation 
and its customers. This might put the organisation's survival at risk. This situation 
will object to the implementation of TQM in the organisation, as effective 
communication is one of the main elements of TQM. Any information system no 
matter how effective it is will collapse with the existence of ineffective 
communication system in the organisation. 
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Question 18 
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23%" 59% 
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Question 18 
Are you pleased with your job conditions? 
Analysis 
This question is designed to determine employees' satisfaction about job conditions. 
It is interesting to see fifty-nine percent of the respondents confirm their satisfaction 
about their job conditions and twenty-three percent are mostly satisfied. These 
results may be driven by psychological factors and job security conditions. It is 
worth mentioning that the responses of this question contradicted with the outcome 
of previous responses in Questions 8 and 12 with regards to lack of recognition, 
training and appreciation of accomplishments. In the interviews that took place after 
completing the questionnaire, it was noticed that a misunderstanding between the 
respondents to this question in the clarification to the meaning of job conditions. 
Some thought it was related to the working hours, job security, salary and their 
treatment by superiors. Forty-one percent who were not totally happy with their job 
conditions had problems with the explanations mentioned to this question. 
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8.8 Summary 
The questionnaire contained two sections, section one: specification questionnaire 
(11 questions) and section two: TQM questions (18 questions), both Questionnaire 
were aimed at the technical staff, engineers, architects and managers in the 
construction industry in Bahrain: in the public sector, mainly government technical 
offices and service- government authorities; and in the private sector to engineering 
offices, constructors, sub-constructors and suppliers. 
A questionnaire survey (110 questionnaires) was posted and distributed to the 
Ministry of Housing (22), Ministry of Public Works (17), Central Municipal Council 
(16), Building Contractors (30) and Engineering Offices (25) questionnaires. 
The total responses rate of the two sections were analysed based on the total 
questionnaire sent out whicli were 110 questionnaires, the total responses that were 
returned were 43 responses, giving an overall return rate of 39 percent. This is 
considered an accepted and reasonable response rate according to Fowler's 
assumption Fowler (1988) the response rate in excess of thirty percent is accepted. 
The specification of the questionnaire results are as follows. 
* The Majority in the construction industry do not write specifications for new 
projects. 
* The Majority uses old specification and changes them wherever needed. 
Most e)dsting specifications need modifications. 
Repetition, uncompleted, unclear, conflict in clauses and lack of precision are 
the features of the existing specification. 
9 The Majority uses FIDIC and JCI7 conditions of contract for the specifications. 
* Common size of e)dsting spedfication is between 10-100 pages and takes less 
than a month to prepare. 
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Descriptive and performance specifications are the common type of 
specifications used. 
The Majority prefer computerised specifications. 
Total Quality Management Questionnaire results are as follow: 
9 The concept of TQM is new to many people in the field of construction in 
Bahraim 
Teamwork is an important concept of TQM. Most top management still 
not giving it much attention, while staff and employees have the 
willingness to contribute in teamworL 
The flow of information from management to employees is not sufficient, 
therefore, the employees initiative in participating to improve the process 
intheorganisationshasnot yet been explored. 
" Many organisations do not adopt sufficient systems to provide their 
customers with quality service. 
" The majority organisations do not have an effective management 
information system for decision-making. 
" There is weak management commitment towards training. 
" The majority do not get recognition of their contribution and 
accomplishment at work 
" The majority of top management in the construction industry organisations 
do not invest in customer satisfaction due to lack of appreciation to the 
importance of customer satisfaction. While the majority of respondents in 
the organisation showed more willingness to achieve customer satisfaction. 
" lack of awareness to the benefits of effective communication system in the 
organisation, create a large gap between management and employees, and 
between different departments in the organisation. 
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CHAPTER NINE 
THE PROPOSED DYNAMIC MODEL: - DEVELOPMENT; TESTING; 
AND VALIDATION 
9.1 INTRODUMON 
The idea behind the proposed dynamic model " PROMANSYS" came as a means to 
implement TQM to the construction industry in Bahrain through specification 
writing. It is a tool used to develop a framework for TQM for the construction 
industry. "PROMANSYS" created master specification, master building rates and 
gathered all the project team members to work within one tool. Enhancing 
teamwork effective communication, creating a culture and providing continuous 
improvement to the system, (which has been explained in more detail in Chapter 
Ten). 
This chapter describes the development of the system of "PROMANSYS" model, the 
software and hardware requirements and the characteristics of the model. Fun 
description is given to the functional flow and data hierarchy of the model. The case 
study consists of a small extension of a bedroom, dressing area and a bathroom with 
details shown, with the implementation of a "PROMANSYS" model inputs, screens, 
and model outputs which consist of reports, charts and graphs. The dynamic model 
and software have been validated through presentations and questionnaires. Being 
presented to five architects and five civil engineers at the same time validated the 
model in this research A questionnaire was distributed to everybody individually 
with twelve questions covering the validation requirements such as ease of learning, 
user-friendly, usefulness to the industry, improving processing speed, 
implementation of TQM, comparison with other packages, reduction of errors and 
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ability to be continuously improved. The results of the validation and questionnaire 
analysis are also presented at the end of this chapter. 
9.2 Development of "PROMANSYS" 
The development process of PROMANSYS had to go through the following stages: 
1. Model objectives; 
Z model layout; 
3. model formation; 
4. model characteristic; 
S. model functional flow and data hierarchy; 
6. model inputs; 
7. model outputs; 
8. model testing; 
9. model screens; 
10. model as an information system; and 
11. model validation; questionnaire; and analysis. 
9.2.1 Model objectives 
The objectives of the model PROMANSYS in this research include the 
following. 
" Improved specification writing techniques; 
"A framework to implement TQM; 
" Involve the maximum number of design and construction teams 
members in the use of the model to achieve teamwork, 
" Involve the maximum number of activities and functions in the model 
to create a culture of unified aims; objectives; and beliefs; 
" Provide an efficient flow of information for the project to achieve an 
effective communication between project team members. 
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e Capability of the model to be continuously improved to cater for any 
developments in the construction industry. 
9.2.2 The model layout 
Bill of quantities 
Date Ending 
Value engineering I N'Ativ Fngineering tecbnique 
Figure 9.1: Proposed TQM Model 
The model is based on the method of specification writing, where the project 
specifications are entered with other information such as the activity's quantities, 
material, plan, labour rates, date starting and ending for the activities are all entered, 
through a library of information or by the user directory. From these, inputs reports 
and charts are obtained such as specification manual, bill of quantity, planning 
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control charts, material control charts, budget control charts and others with the 
implementation of the value engineering tedmique. 
92.3 The formation of the PROMANSYS model 
The Project Management System is a computerized information, budget control and 
reporting system for the construction industry based on the specification writing 
method. The design and formation of the system is based on the construction 
principles and the stages the project will undergo which are interpreted as 
functional modules of the computerized system. These modules are referred to as 
functions that capture, maintain and generate the following. 
0 The Clients and Project Master Details. 
0 Standard of Project Phases, Costing and Specifications. 
0 Project Scheduling, Planning and Quantities. 
0 Charts, Graphs and Reports. 
The query, tables, forms and reports utilised the features of the Windows based 
operating system and characteristics of a Graphical User Interface (GUI), and can be 
deployed in a PC under the Pentium Range with standard configuration and 
Windows Operating Systems. An advice was needed from a professional computer 
programmer in some of the points during the formation stage. 
The system is an independent application in itself with its sets of environment 
requiring libraries (DLL- Dynamic Link Ubrary) and can be installed with a built in 
database engine, Nficrosoft JET and have a full connectivity and interface with most 
Nficrosoft Application Packages. 
PLA71TORM 
Windows 95, Windows 98, Windows 2000 and Windows NT 
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DATABASE 
NEcrosoft jet 
DEVELOPMENT TOOLS 
Visual Basic 5 Enterprise Edition 
Crystal Reports 
Visual Data 
HARDWARE REQUIREMENTS 
Pentium 1, or Higher 
At Least 64 MB RAM 
266 MHZ Speed or Higher 
Requires 20 MB Hard Disk Storage Allocation 
SVGA Monitor 
9.2.4 Characteristics of PROMANSYS 
The success of any software depends on the intended user. In general, the system 
should comply with the required elements of software design, summarised as 
follows. 
Ease of use; 
Speed and responsiveness; 
Size and compactness; 
Maintainability; 
Packaging; and 
Web-based model. 
PROMANSYS as a customised system, under Windows Operating System, satisfies 
the above criteria, not only in the design of its functions wMch are based on actual 
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users' requirements, but also to the components of the system which provides the 
standards of Graphical User Interface (GUI). 
GUI refers to the users' interface in the system using Graphics, which is easier to 
understand instead of Text that the previous generations of software used. 
Programmes that are difficult to learn or operate are normally considered short lived 
simply because the user does not have the time to learn complex procedures, read a 
range of complex manuals or attend long and boring training lectures. Additionally, 
complex or difficult programmes encourage errors, causing fatigue and a waste of 
human effort. 
92.4.1 Ease of Use 
PROMANSYS, has the attributes of an easy-to-use software, it is: 
0 simple to operate; 
0 simple to learn, because the concept is based on common and 
well known procedures; 
0 consistent as the system does what the user expects; 
0 convenient, as the system does aU that it can to serve the user, 
without causing misunderstanding; and 
0 effident as the system minimises the user's efforL 
92.42 Speed and Responsiveness 
Speed and responsiveness hs one of the vital attributes of software packages. It 
refers to the system performance on user's required outputs, and the speed of its 
responses especially on inquiries and reporting. PROMANSYS was carefully 
designed and developed with these attributes and thoroughly tested to satisfy quick 
and easy reporting. GUI contributes to this facility, as the user uses the mouse to 
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select options in one screen, with multiple functions such as selecting a project in a 
list box, and details of the project will be shown at the same time, on the same 
screen. An icon or image is also available to select and generate the required output, 
such as "Printer" for a hardcopy, "Window" for screen display, and e-mail, 
connection through the Intemet. 
92.4.3 Size and Compactness 
A novice system user, although technically experienced, can measure size and 
compactness. It can be checked and verified using common and simple commands 
in the computer. It refers to the size of memory required to run the system, and 
measured in RAM and Disk Memory. It affects the performance of the system as the 
same is always loaded in the memory while the system is still running, and works in 
conjunction with intemal Data Structures, Systems resources, file buffers and the 
data file itself which the storage space increases as new information is entered or 
captured. Disk memory can be a major factor in the design of an application as well, 
because such simple operations like sorting can greatly increase the amount of disk 
space required. 
92.4.4 Maintainability 
The availability of Software Tools and the new approach of systems' development 
greatly affect the choice of Software. PROMANSYS is a customised system 
developed using Nlicrosoft Standards. It falls under RAD (Rapid Application 
Development) and uses GUI, objects and built-in codes as its components. 
The source code is available and open for enhancement or modification, as the 
situation requires. It uses Microsoft JET database engine to have full com ectivity to 
other Nficrosoft products. 
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It gives peace of mind considering that the system could expand its functions, 
correct or update deficient modules, and incorporate other reports as situations 
requires. Unlike on-the-shelf packages, which are sometimes proprietary and 
protected so that even file formats cannot be modified. Documents and files are 
always available for analysis, can be preserved, and can be easily transferred or re- 
installed in any computer which uses Windows platform. 
92.4.5 Packaging 
Packaging is one of the important attributes of a successful system and refers to the 
design and development aspects of the software. It is the capability of the system to 
interface work with other applications, for further analysis or processing. It also 
refers to its adaptability or workability with common and standard operating 
systems. 
PROMANSYS, as previously elaborated, operates in Windows, which has become 
the standard or most widely used operating system. Pentium L with Windows 95, 
Pentium Il with Windows 98 and Pentium III with Windows 2000 and multi-user 
under Windows NT, without limitations, as the system works well on all the 
mentioned hardware and operating systems. 
After installing PROMANSYS, the user can create an ICON to Windows 
NT/Windows 95 Start up Screen or DESKrOP. Similar to other Window-based 
applications the user can run the system by selecting and double diddng the 
assigned Project Management System icon. An internal Login Screen win appear to 
identify and plug in the level of user authorisation. Through a valid password, the 
Systems Menu will appear and will be open for utilisation. 
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92.4.6 Web-based model 
The model has the capability to be linked to the internet through a button at the 
bottom of the model screen. This improves project communication and flow of the 
project information to the design and construction members when connected to the 
WorId Wide Web. 
Table 9.1: The keyboard functions 
The key The function 
Alt To activate/highlight items in the menu. 
Enter To display submenu per main menu item or run a 
highlighted/selected menu item. 
Up and down arrow keys to select item in each 
submenu or combo selection boxes in case of data entry 
screens. 
It is also applicable to scroll or select cells in tables and data 
entry, worksheets; or grid. 
Right and left arrow keys to navigate and select. other 
submenu. items. It is also applicable to scroll or select cells in 
tables and data entry, worksheets or grid. 
Esc Terminate or return to previous Text, Entry or 
Command Boxes and Buttons. 
Tab To navigate/select Text, Entry, Command Boxes and Buttons. 
Using the mouse 
Standard characteristics of GUI/Window based System where the mouse is utilised 
to Drag, Pull, Point and Click to select functions in the systern. It is applicable to 
Menu, Data Entry Screens, Tables, Worksheets and Grids. 
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92.5 PROMANSYS Functional Flow and Data File Hierarchy 
As shown in Figure (9.2) 
The following are the functional flow and data file hierarchy. 
92.5.1 Processes( r-1) 
The process in the functional flow includes the following. 
Creating and maintaining of client details. 
Creating and maintaining of project details. 
Cxeating and maintaining of project works phases. 
Creating and maintaining of general works, item cost and 
specification. 
9.2.5.2 Data Files Q 
The data files in the functional flow include the following. 
Client master that is inter-related to project master. 
Planned activity per project and item, which consists of Work 
sdiedule; Item costing; and Costing. 
91.5.3 Process( M) 
The process in the functional flow includes the following. 
0 Generate charts, graphs and reports per project, and present it in a 
hard copy. 
92.5.4 Hard Copy (Q 
The hard copy in the functional flow includes the following. 
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S-curve: which shows the budget of the project, calculates the 
budgeted at the pre-contract stage and then plots the actual budget 
post-contract to check the loss and profit situations. 
Nfaterial planning charts showing each activity material requirements 
and the cost of each activity and duration. 
Labour planning chart showing each activity labour requirements and 
the cost of each activity labour requirements for that activity. 
Plant planning charts showing each activity plant requirement and the 
cost of each activity plant requirement for that activity. 
Total activity material, labour, plant requirements and cost of that 
activity. 
Bill of quantity for each activity with regard to material, labour and 
plant for each activity. 
Specification of each activity and requirements of each activity with 
regard to the design and construction requirements of each activity. 
92.6 Model inputs 
9.2.6.1 Clients File 
The client's file includes the following. 
Client's code. 
Client's name. 
Address. 
Telephone and fax. 
Email. 
Contact person and position. 
Index according to coding. 
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9.2.6.2 Project Master File 
The project master file includes the following. 
Project Number. (coding). 
Client name and coding. 
Project location. 
Index of Projects according to coding. 
9.2.6.3 Project Phase Master 
The project phase master file includes the following. 
0 Phases civil (c), Electrical and Mechanical( E and F), and Finishing(F). 
9.2.6.4 Specifications 
The specification file includes the following. 
Activity (item Number. ) Coding. 
Material, lAbour & Plant Rates. 
Full Specification of the activity. 
Index of activity specifications according to coding of activities. 
9.2.6.5 Planning and Costing 
The planning and costing file includes the following. 
Project Number. 
Client name. 
Phase Number. 
Item (activity) Number. 
Full specification of activity. 
Duration of activity. 
Starting date of activity. 
Completion date of activity. 
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Quantity of activity. 
Material, labour and plant rates of the activity 
Total cost of activity. 
Value engineers for the activity. 
Index of activities by Project Number. 
Phase Number and activity Number. 
9.2.6.6 Project Reports and Charts 
The project reports and charts file includes the foHowing. 
Project Number. 
Project name. 
Client code. 
Project location. 
Index of all products by Project Number. 
9.2.7 Model outputs 
9.2.7.1 Project Planning Bar Chart 
71he project planning bar chart includes the following. 
Activity name. 
Duration (from/to). 
0 Days. 
0 Bar diart 
9.2.7.2 Material Planning Chart 
The material planning chart includes the following. 
Activity name 
Quantity of the activity. 
Cost of the activity. 
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Total cost of all activities. 
Bar diart for activity material. 
Requirements in diart 
92.7.3 Labour Planning Chart 
The labour planning chart includes the following. 
Activity name. 
Number of labourers for the activity. 
Cost of labour for each activity. 
Bar chart for activity. 
Ubour requirements in chart. 
Total cost of labourers for all activities. 
92.7.4 Plant Planning Chart 
The plant-planning chart includes the following. 
Activity name. 
Number of plants. 
Cost of plant for each activity. 
Bar chart for activity plant. 
Requirement in chart. 
Total cost of plants for all activities. 
9.2.7.5 Cumulative Budget Chart for all Materials, Labourers and 
Plant for each activity 
The cumulative budget chart for all materials, labourers and plant for each 
activity indudes the following. 
Activity name 
Total cost of each activity (Material; Plant and Labour) 
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Bar chart for activity (Material; - Plant and Labour) 
Requirements in chart 
Total cost of all activities (Material; Plant and Labour) for all activities 
91.7.6 S-Curve (Cumulative Budget Cost) 
The S-curve (cumulative budget cost) includes the following. 
Total cost of activities in each month, for the whole duration of the 
project as an S-Curve relating time to cost, cumulative. 
92.7.7 Bill of Quantities 
The bill of quantity includes the foRowing. 
Project Number. 
Project name. 
0 Item. 
Activity. 
Specification. 
Quantity. 
Material rate, labour rate and plant rate. 
Total activity cost. 
Total cost of all activities cumulated. 
9.2.7.8 Specifications 
The specification file includes the following. 
Project Number. 
Project name. 
Item (activity) code. 
Name of activity. 
Specification of activity. 
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& List of all activities in the project 
9.2.7.9 Material Budget Graph Chart 
The material budget graph chart includes the following. 
Project Number. 
Prcject name. 
Client name. 
Total budget needed for each activity per month, for the whole 
duration of the project, relating time to cost, not cumulative. 
9.2.7.10 Labour Budget Graph Chart 
The labour budget graph chart includes the following. 
Project Number. 
Project name. 
0 Chent name. 
Total budget needed for each activity per month, for the whole 
duration of the project, relating time to cost, not cumulative. 
9.7-7.11 Plant Budget Graph Chart 
The plant budget, graph chart includes the following. 
Project Number. 
Project name. 
0 Client name. 
Total budget needed for each activity per month, for the whole 
duration of the project, relating time to cost, not cumulative. 
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9.2.8 Model testing 
The model had to be tested to prove its efficiency as a dynamic model, and prove 
that the aim and objectives set prior to the development and formation of the model 
are met after the completion of the model. Also to prove that "PROMANSYS" is 
different than other packages in its performance, productivity, inputs and outputs of 
the model. 
A case study project designed speciaRy for the testing of the model, the case study 
project comprised of a bedroom, a dressing area and a "bathroom". The area of the 
project is 36mZ 6m wide by 6m long, and the height of the structure is 3.0m. the 
structure design. of the project is done on a strip footing with load-bearing walls, 
pre-cast slabs for the roof, plastered and painted walls. 
The data shown on the case study drawings were used tD test "PROMANSYS" 
through the following activities: excavation; foundation; block work, pre-cast slabs; 
plastering; electrical; plumbing; painting; tile work; gypsum ceiling works; and 
alumindum works. 
These twelve activities are used to test the proposed dynamic model 
"PROMANSYS" with regard to specification writing; bill of quantities; project 
planning bar chart, material planning chart, labour planning chart; plant planning 
chart; cumulative budget chart for material, labours and plant; S-curve chart, 
individual material, labours; and plant budget graph. 
The case study complete drawings with details and results of the test are shown in 
printout format in Appendix R 
264 
9.2.9 Model screens 
9.2.9.1 Login password 
a PhdPFoject Management LOGIN 
U seF N ame: n eyca 
PaSSWDFd: 
OK Cancel 
To maintain security and protect the system from unauthorized utilization, the 
system provides a log on screen to enter User Name and Password for the system 
to validate. 
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9.2.9.2 The main menu 
Main Menu 
Clients rile 
Projects Master Details 
Projects Phases 
Specifications 
Planninq and Costing 
Reports and Charts 
Sign Off 
With valid user code and password, the System Menu will be displayed with the 
foHowing hmctionahties. 
> Client File, to maintain chent details 
Project Master, to allocate and maintain project code, project name and 
its owner or client code. 
Project Phase, to organize the project into major work phases such as 
Mechanical, Civil, Electrical and finishing. 
Specifkation, to standardize and register quality specifications of jobs. 
Planning and Costing, to enter and maintain planned activities of each 
project in relation to its project plans, items, its schedule and quantities. 
Reports and Charts, support module to generate reports and charts 
required for the project management. 
)Oý Sign Off, an exit command to quit the system. 
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9.2.9.3 Customer master 
Clients Code In= 
Client Name [JOHN SMITH 
AdclFess IP. O. BOX 123 
ILOUGHBOROUGH 
CountFy JUNITED KINGDOM 
T elephone Email lismithCabatelco. com- bh Fax 1226877 
D elete ffe'w Elose 
The display form as shown is divided into three parts. 
a. the relevant information or data of the client or customer; 
b. the list box, where the user can choose the client record; and 
C. the command boxes in the bottom of the form to select the option 
available such as New, Delete. 
To edit and correct a record, point to the required field and correct the information. 
The system enables the user to point and click on the save command to implement 
the change. 
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Contact PeFson/s IMF- J- Smith 
Details IBahiain 
RemaFks 
9.2.9.4 Project master file 
JJff Project Aaste r File M11 
Project No. 1123-4-2000 
Project Name IJOHN SMITH EXTENSION 
Client JJS00J : w] 
P-OHN SMITH 
Location ILOUGHBOROUGH 
221-3-2000 KHALID RESIDENCE 
221-4-2000 AMEX BUILDING 
New Delete ý, -ýý: Close 
Similar to Client form, the above Project Master form comprises of three parts. 
a. the project, project name, client and location; 
b. the list box of active project; and 
C. command boxes to select the option required by the user. 
To edit and correct a record, point to the required field and correct the information. 
The system enables the user to point and click on the save command to implement 
the change. 
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9.2.9.5 Project phase master 
Phase No Fc- 
Desewiption IrIVIL 
EM ELECTRICALANDMECHANICALWORKS 
F FINISHING 
Rew I 1jelete II Close 
Similar to Client form, the above Project Phase Master form comprises of three parts 
a. The phase description; 
b. The list box to active project phases; and 
C. The command box to select the option required by the user. 
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9.2.9.6 General work, material and budget item 
Item No [C-- 1 1EXCAVATION 
Rate Unit 
Matefial 4.000 Fm3 
Labouf 5-000 Fday- 
.v Plant 
80-000 Fa- 
Ptowect Item Query List 
C. 2 FOUNDATIONS 
C. 3 COLUMNS 
C. 4 PRE-CAST SLABS 
C. 5 BLOCKWORK 
C. 6 PLASTERING 
C. 7 WATER PROOFING -1 
New Delete Close 
General Work, Material and Budget Item form is similar to other forms except in 
the characteristics of the specification entry box, where multi-line on memo field 
entries are accepted by the system. The Project Item Query List Box allows the 
user to scroll, browse and select the project items in relation to its Standard 
Specification Material Labour and Plant Hire Budget Rate. 
The save command is used to edit and correct the system. To add a new item the 
user should fill the project item query list box followed by the specification part, 
it is then saved by the save command. 
Specifications 
IntFactoF should excavate aCCOFding to the level 
own on the drawings and must allow for excavating 
Fock OF any other type of soil or whatsoever natuFe 
countered. Then giading to make up level and fillinq 
th imported apFoved materials, fillings must be made 
layers of 200mm with each layer being compacted at 
gist 99Z of maximum dry density prior to placing 
bsequent layei. 
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9.2.9.7 Planed activity and work details 
Project No- I 
JOI-IN SMIT" 
: -: ]PO"N SMIT" EKTENSION 
Duration F15--- Oe-- C"ient 
Starting Date 1 1011012000 
Ph... No C F- 31- Competion Date Tl A 012000 
Item No C-01 JRTR ýVATIFJN Specifications 
BUDGET Ouantity Unit Rate Ext. Value 
Material 41.00 1 m3 1 4.0001 164.000 
Labour --K. -00 nos r F 5000 30.000 
Plant 1.00 rnos 00.000 80.000 
Subcontgact r 0.0() 0.13(3c) 0000 
Others 0.001 1 0.000 0.000 
quetv I Jonox Total 74 111 
ntracbDr should excavate ar-t-ording tri 
? level shown on tJ-e drawings and 
ist allow for excavating in rock or anv 
ier type of soil or whatsoever nature 
-ountered. Then grading to make up 
el and filling with imported aproved 
iterials, fillings must be made in layer, ý 
200mm win each layer being 
-npactE? d at least 98% of maximum clr,,. 
-11,07ýý rIr 11-Ir tI It 11,11 it 111 -. 1 Ih.. I'i 11 ji -t it LA"I", r. 
Pp Value Engineering 
New I Deh-'( I lave I Cancel 
Based on General Works Material and Budget Items form, the Planned Activity 
and Work Details is activated by incorporating each item to the budgeted or 
planned project activities. 
The Query List Box displays the budgeted items by project code, project phase, 
and project items. 
Once selected or scrolled, the details of the project item is displayed with its 
relevant master information, project, client, phase, item and the budgeted values 
for material, labour, plant, subcontractor and other expense headings. 
The user should: 
o click SAVE for editing and changing; and 
a click NEW to add a new item. 
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9.2.9.8 Project Wise Query and Reports 
: 
III PFoiect-';; 'ise Uue ry and e%epoFts 
PFoject No- F1 23-4-2000 
PFoject Name IJOHN SMITH EXTENSION 
Client Code FJS-001 ---wý POHN SMITH 
Location ILOUGHBOROUGH 
221-3-2000 KHALID RESIDENCE 
221-4-2000 AMEXBUILDING 
rPlanning Total S-Cuive BOU SPECS 
Faphs GFaphs Matenal LabouFj Plantj Othim Close 
Project Wise Query and Reports. The above form allows the user to choose a 
project and generate the required reports in sequence as displayed. 
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9.2.10 PROMANSYS as an information system 
The proposed dynamic model "PROMANSYS" uses and implements most of the 
construction industry documentations. It creates an environment of information 
flow between the projects team member in all aspects and fields of the project 
information. The system receives the information entered by the project's team 
members and designers. It allows Chem to have the information used and processed 
in many ways, retrieves the information at any time and then presents it in a 
professional manner, with the ability of Che information being stored and 
continuously improved. 
"PROMANSYS" gathers most of the construction industry documentations in one 
information system as the sole tool of communication to be used by the project team 
members. The architect, structural, mechanical and electrical engineer enter 
specifications on the specification page. The quantity surveyors enter each activity 
quantity, material, plant and labour rates. The planning engineer enters the duration 
of each activity and allocates the resources needed for each activity. These 
informations are all processed in "PROMANSYS" as an information system then 
presented in a well documented manner in the form of specifications manual, bill of 
quantity sheets, activity planning charts, material, plant and labour control charts, 
and ash flow charts. 
"PROMANSYS" makes the decision making process easier and more effective for 
the management in all stages of the projects, either at the pre-contract or post- 
contract stage. A culture is created when "PROMANSYS" as an information system 
is used where it provides a sharing environment of information to the management 
and users of the dynamic model. A sense and feeling of the quality level is shared 
and approved by all members. Achieving the aim and objectives of the project 
enable it to become easier and quicker without any waste of time or money. 
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For any information system to survive it must have the ability to be improved, 
"PRONLANSYS" has the ability to be continuously improved through its master data 
library. The user can easily introduce any new material, techniques, methods and 
tools used in the construction industry. The data can be updated and improved at 
any stage even during the construction of the project The presentation of the 
documentation can also be improved to cope with any development improvement in 
managerial skills and project requirements. 
92.11 Model validation, questionnaire, results and analysis 
The model was validated to establish its competitiveness to other packages, and 
assess the models new features and techriiques. There were certain elements that 
had to be tested in the model to prove these points, such as: Is it easy to use? Is it 
fast in production time? Is it useful to the industry? Does it implement TQM? Is it 
well documented? A questionnaire was prepared following the guidelines in 
Chapter Two. 
The case study project structure had a size of 6. Om X 6. Om with a height of 3.0m, 
comprising of a bedroom, dressing area and a bathroom. The project had : 
excavation works; foundations work, - block works; pre-cast slabs; plastering; 
electrical works; plumbing works; painting works; gypsum ceiling work; and 
aluminium. works. 
The case study data were fed into the model and presented the model with its input, 
output and the model characteristics to five architects and five civil engineers, 
totalling a sample of ten people. Then the questionnaire was given to the architects 
and engineers to complete and provide feedback. A thorough discussion took place 
before the presentation and after. The purpose of the discussion was to give some 
information on TQM to those who had no knowledge of TQM, and to describe the 
purpose of the research and its aim and objectives. 
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The following tables, figures, and analysis reflect the outcome of the questionnaire's 
answers. A Copy of the dynamic model validation questionnaire is show in 
Appendix D. 
9.2.11.1 Ql: Is the package easy to use? 
Answers Total % 
Easer to use than other packages 5 50 
Similar to other packages 4 40 
Difficult to use 0 0 
Don't know 1 10 
The majority of the response fifty percent in favour of the first answer was that the 
package was easier to use than other packages. Even though forty percent of 
responses were that the model is similar to other packages in the ease of use, and not 
less than other packages, ten percent of the answers did not know the difference as 
they had no experience of the construction industry packages. It was very important 
to conclude from the answers of this question that the package is easy to use, 
otherwise the benefits that could be obtained for the use of "PROMANSYS" will be 
short lived and the objectives of implementing TQM will collapse. 
9.2-11.2 Q2: What is the data production time? 
Answers Total % 
Slow data production time 0 
Normal production time 5 50 
Fast production time 5 50 
Don't know 0 0 
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The responses to this question were divided into answers fifty percent each. fifty 
percent of the responses agreed that the model has a fast production time and the 
other fifty percent agreed that the production time of the model is the same as other 
packages but definitely not slower. The entries of the data and information in 
PROMANSYS are either from the stored library such as the specificatioris of the 
activities and the building material, labour and plant rates. The design team of the 
project gives the rest of the information. The effeciency of the model is that at the 
same time the data are entered, it is immediately processed and presented in reports 
and charts on other screens of the model. 
91.11.3 Q3: What is the cost of the package with regard to human 
resources and material use? 
Amswers Total % 
Cheaper to use than other packages 5 50 
Normal to use to other packages 3 30 
More Expensive to use than other packages 0 0 
Don't know 2 20 
The majority fifty percent agreed that due to the fact that the model is getting 
everybody in the design team working with one tool, therefore there is less time 
wasted by working individually. The risk of errors is less, thus, there is no 
duplication of work and no redoing. Thirty percent of the answers agreed that the 
model is normal in its cost with regard to human resources and material use 
compared to other packages in the construction industry. Twenty percent of the 
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responses did not know the difference, as they do not have any experience with 
regard to cost of human resources and material use in other packages. All agreed 
that the model is not expensive to use and operate. 
9.2.11.4 Q4: How useful is the package to the construction industry? 
Answers Total vo 
Useful to the construction industry 9 90 
Similar to other packages in the industry 1 10 
Useless to the industry 0 0 
Don't know 0 0 
The confidence in the model will reflect on its usefulness to the industry. The 
majority ninety percent of the responses agreed that the "PROMANSYS" model 
would be useful to the construction industry. This large percentage reflects the 
facility and features the model has and what impact and advantages it will bring as 
a tool to implement TQM and as an information system to the industry. All the 
advantages presented in the model are concluded in the agreement of the first 
answer with a rate of ninety percent of the responses. 
9.2-11.5 Q5: What is the leaming time of the package? 
Answers Total % 
Short time to learn 5 50 
Normal time to learn 4 40 
Long time to learn 10 
Don't know 0 0 
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In order for the model to be successful it has to be learnt in relatively a short time. 
The user will not be happy to go through long training hours, complicated 
procedures and long lectures on a difficult model to use. A model with these 
features will be short lived. Fifty percent of the answers agreed that "PROMANSYS" 
could be learnt in a short time, due to the ease of use of the model screens and 
method of inputting and outputting the data and reports. Forty percent of the 
answers that the learning time of "PROMANSYS" is normal. This is still an 
advantage to the model as long as it does not need long hours and complex 
procedures to learn the model and then implement it to reach its objectives. 
9.2.11.6 Q6: How well is TQM is implemented in the package? 
Answers Total % 
TQM is well implemented 8 80 
Nothing new 0 0 
TQM is not well implemented 2 20 
Don't know 0 0 
The essence of this research is to implement TQM to the construction industry in 
Bahrain by developing a framework for its implementation to TQM. 
"PROMANSYS" was the tool and system to implement TQM throughout the 
constriction industry. Therefore, it was important to have feedback from the 
respondents that the "PROMANSYS" model actually implements TQM well and 
that it succeeded in using the elements of TQM (teamwork, effective 
communication, creation of culture and continues improvement). Eighty percent of 
the answers agreed that TQM is well implemented in the model. This was an 
achievement in itself to consider that "PROMANSYS" is a TQM tool. Twenty 
percent of the answers did not agree that TQM is well implemented. This is to the 
fact that not everybody has knowledge of TQM. An introduction of TQM was given 
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to keep the respondents informed about its tools, techniques, principles and 
objectives before the presentation. 
9.2.11.7 Q7: Will the package improve quality? 
Answers Total 
Will not improve quality 0 0 
No change in quality 0 0 
Very much will improve quality 9 90 
Don't know 1 10 
The purpose of this question was to give a chance to those who did not know what 
TQM is and could not answer Question 6, at least they would know what quality is, 
and whether it is reflected in the model or not. Fortunately, the rate of responses was 
very close, eighty percent to TQM in Question 6 and ninety percent to this question. 
Which proves that TQM is implemented and the quality is actually improved by 
using " PROMANSYS" in the construction industry. Again ten percent did not know 
whether quality would be improved or not due to the fact that they lack knowledge 
of TQM. Full analysis is given in chapter six for the awareness of TQM in the 
construction industry in Bahrain 
9.2.11.8 Q8: How well is the package documented? 
A, nswers Total 
Not much documented 1 10 
No change in documentation 
WeH documented 
3 
6 
30 
60 
Don't know 0 0 
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The project management in any project is interested in good documentation for any 
project to maintain the quality standard, the budget of the project and duration to 
handover of the project. Any model is successful with the correct method of 
presenting its data, charts and reports. The better it is presented, the more the project 
management is effective. The majority sixty percent of the answers agreed that the 
model is well documented. The final reports given in the model such as specification 
manual and bill of quantities are presented in a different way to the traditional 
method of presentation. The specification and BoQ thirty percent of the answers 
agreed that the documentation given by " PROMANSYS" is not different to other 
packages. Ten percent did not think that the model was well documented. 
9.2.11.9 Q9: Is the software similar to other software? 
Amswers Total 
Yes 2 20 
No 
Don't know 
6 
2 
60 
20 
One of the important aspects of proposing the dynamic model is that it is not just a 
repeated model, like any other models in the construction industry. The challenge in 
the preparation and proposing "PROMANSYS" model was to implement TQM, be 
competitive, easy to use, fast and useful to the industry compared to other packages. 
Fortunately the responses sixty percent agreed that the model is not similar to other 
packages. This may be due to the fact that it has planning control charts and, 
resource charts similar to other packages. But the fact remain that "PROMANSYS" is 
a specification-based software with bill quantities and then control charts 
implementing TQM, and not just control charts and graphs. 
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9.2.11.10 Q. 10: Does it improve specification writing? 
Answers Total 
Yes 10 100 
No 0 0 
Don't know 0 0 
Specification writing is the essence of "PROMANSYS" where a master specification 
is created and continuously improved for the library of the model. Poor specification 
is a source of many problems and conflicts in the construction industry, it is the tool 
that every team member of the project uses to maintain quality, methods of forming 
and materials selected for the project. That is why the dynamic model had to choose 
specification to implement TQM to the industry and improve its performance. All of 
the respondents hundred percent agreed that the model would improve 
specification in the construction industry. There was no doubt, from the presentation 
given that the input and output have shown that the model will definitely improve 
the method of specification writing and implementation of TQM. 
9.2.11.11 Q11: Will the package reduce errors? 
Answers Total 
Will reduce errors 10 100 
No change 0 0 
Will not reduce errors 0 0 
Don't know 0 
One of the objectives of improving the method of writing specification was to reduce 
errors in writing the specification in the construction industry. Reduction of errors 
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means reduction of conflicts, less time and money wasted in variation and disputes. 
Again, all respondents agreed that the model would actually reduce errors in the 
construction industry. This is another success for the "PROMANSYS" model due to 
clarity of the information provided in the model and the ease of retrieving and 
processing the data in the input and output stages of the model. The detailed 
reports, charts and graphs given in the model will help manage the project in a 
smooth way without misunderstandings in the method of presentation or technical 
language of the model. 
9.2.11.12 Q12: Could the package be improved continuously? 
Answers Total 'Yo 
Could be improved continuously 9 90 
Limited improvement 0 0 
Not possible to be improved 0 0 
Don't know 1 10 
One of the TQM elements is that continuous improvement is implemented in the 
system in-hand. Any model if it is to survive in the competitive market must have 
the ability to continuously make proper improvements to the system; otherwise the 
system will be short lived. "PROMANSYS" has the ability to be improved in many 
aspects, the library of master specification, building rates, the introduction of new 
techniques, materials and systems in the construction industry and in the 
presentation method and techniques of the reports, charts and graphs. Ninety 
percent of the answers agreed that the model could be improved continuously. TWs 
was a great success for the model with regard to the implementation of TQM and to 
its competitiveness with other packages in the construction industry. 
282 
9.3 Summary 
Project Management System (PROMANSYS) is a computerised information 
system based on specification writing tedu-dques, with budget control, 
material control, planning control and a reporting system for the construction 
industry implementing TQM. 
The design of the system interprets the stages the preject will undergo as 
functional modules referred to as functions that capture, maintain and 
generate the following. 
* the client and project master details; 
" standard of projects phases, spedfications and costing; 
" project scheduling, planning and quantities; and 
" reports, charts and graphs. 
"PROMANSYS" is a customised system under the Windows operating 
system, the design of the system satisfies the actual user's requirements and 
provides the Standards of Graphical User Interface (GUI) the characteristics 
of the "PROMANSYS" model can be summarised as follows. 
" ease of use; 
" speed and responsiveness; 
" size and compactness; 
" maintdnability; 
" packaging; and 
0 Web-based modeL 
Project management system functional flow and data file hierarchy 
comprising of inputs, process and outputs. 
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The inputs are. 
" client and project master file; 
" activities and phases; 
" specifications; 
" material quantities labour and plants rates; 
" date starting and date ending of the activities; and 
41 value engineering techniques. 
The outputs are. 
" specification manual; 
" bill of quantities; 
" planning control charts; 
" material labour, and plant control and budget charts; 
" S- curve and cash flow charts; and 
" creation of specification master and building rates master. 
"PRONLANSYS" as an information system is the only tool of communication to 
be used by the management for effective decision making, where all the projects 
documentation are presented well in the system such as, manual specification, 
bill of quantities, plannin& material plants, labour and cash flow charts. 
For any information system to survive it must have the ability to be improved 
otherwise it will be short lived. "PRONIANSYS" has the ability to be 
continuously improved through its master data library. The user can easily 
introduce any new material, techniques, methods and tools used in the 
construction industry. 
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The PROMANSYS model is validated by presentation and questionnaire. The 
overall results of the validations proved that the model has the following 
qualities. 
" ease of use; 
" has reasonable production time; 
" is cheaper to use than other packages; 
" useful to the construction industry; 
" has short time to learn; 
" TQM is well implemented in the model; 
" will greatly improve quality; 
" well documented; 
" not similar to other packages; 
" the model improves specification writing; 
" the package will reduce errors; and 
" the package can be continuously improved. 
This chapter links all chapters together, as the outcomes of the literature reviews; the 
data collected; the analysis and discussions, all pool in the proposed dynamic model 
"PROMANNISYS" to form the framework for implementing TQM to the 
construction industry through spedfications. 
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CHAPTERTEN 
DISCUSSION: THE IMPLEMENTATION OF TQM TO THE 
CONSTRUCTION SPECIFICATION USING THE DYNAMIC 
MODEL 
10.1 Introduction 
The method of writing specifications has not improved much over the years, 
definitely not at the same pace of other fields in design and construction software 
packages such as AutoCAD (Computer aided Design) in architecture and the 
design and analysis packages in the structured engineering fields. 
TROMANSYS' the proposed dynamic model in this research takes the method of 
writing specifications a step ahead through the implementation of TQM, 
introducing teamwork, creating a culture, improving communication, 
implementing value engineering and providing a continuous improvement to the 
system. 
Many organisations trying to create a new philosophy based on teamwork fail to 
recognise that the employees do not know which teams to form, or how they 
should function as teams. People's behaviour is determined largely by the roles 
they have to play. A new situation will develop which will change the culture 
when the management create new responsibilities, team roles and a process driven 
environment In TRONIANSYS", as a tool to implement TQK the project manager 
will take the leadersl-dp to ensure distribution of responsibilities, team roles, tasks 
and coordinate between all team member to create a teamwork spirit and create a 
new culture with all members of the team sharing the same aims, objectives, values 
and beliefs to the benefit of the project in hand. 
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In this chapter, the implementation of TQM through the dynamic model is 
discussed along with an explanation of the concept of teamwork, culture, 
communication, value engineering, and continuous improvement How to achieve 
TQM through "PROMANSYS" is also discussed, by getting all the project team 
members working together through one tool "PROMANSYS" at the pre-contract 
and post- contract stages of the project 
10.2 Introducing teamwork 
10.11 Teamwork 
Total qualit3r is achieved through teamwork when a group of individuals work 
together to achieve a shared aim to the benefit of all parties connected with the 
project. Teamwork can apply to specific project activities and specific groups of 
people or to a whole range of processes and activities in the projecL Most large 
projects will contain many teams, involving the customer, constructor, sub- 
constructor and suppliers. Teams will be established both on and off site and will 
involve all categories of project staff ECI (1996). 
10.2.2 Benefits of teamwork 
The benefits of teamwork are as foHow. 
better solutions through the pooling of ideas and knowledge, 
cooperation, so less time wasted in non-productive conflict; 
more commitment by members or decisions made by the team, 
even distribution of work, responsibilities, effort and stress; and 
9 more productive working by utilizing the particular skills of the individuals 
that make up the team. 
Teamwork fluoughout any organisation, is an essential component of the 
implementation of TQM, for it builds trust, improves communications and 
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develops interdependence. The use of the face-to-face interaction method of 
communication with a common goal develops over time the sense of dependence 
on each other. This forms a key part of any quality improvement process and 
provides a methodology to employ recognition and participation, through active 
encouragement in-group activities. Teamwork provides an environment in which 
people can grow and use all the resources effectively and efficiently to make 
continuous improvement. As individuals grow, the organisation grows. 
Lidle sharing of ideas 
MEPENDENCE and infornotion 
EXCHANGE OF This develops into 
BASIC INFORMATION exchange of feelings 
AND IDEAS and sharing of data 
The turning point for 
TRUST the team approach-the 
e&liniination of fear 
I FREE COMMUNICAMN I 
I DMRDEPENDENCE I 
A progressive developffwnt 
Which accelerate rapidly 
Following establishment of 
trust 
Critical for continuing 
improvement and real 
problem solving 
Figure 10.1: Independence to inter-independence through teamwork 
Source: John Oakland 1995 
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10.2.3 The Need for teamwork 
Oakland (1995) stated that the complexity of most processes that are operated in 
industry, commerce and the services, places them beyond the control of any one 
individual. The only efficient way to tackle process improvement or problems is 
through the use of some form of teamwork. The use of the teamwork approach to 
problem solving has many advantages over allowing individuals to work 
separately. These advantages include the following. 
A greater variety of complex problems may be tackled - those beyond the 
capability of any one individual or even one department by the pooling of 
expertise and resources. 
Problems are exposed to a greater diversity of knowledge, skil. 1, experience, 
and are solved more efficiently. 
The approach is more satisfying to team members, and boosts morale and 
ownership through participation in problem solving and decision-making. 
Problems that cross-departmental or functional boundaries can be dealt with 
more easily, and the potential/actual conflicts are more likely to be 
identified and solved. 
The recommendations are more likely to be implemented than individual 
suggestions, as the quality of decision-making in good teams is high. 
10.2.4 Setting up a team 
Getting the right team is important. The ability of the team to produce results will 
bear testimony to how well the team was set-up. Dale and Bidden (1994) provide 
the characteristics of an effective team and useful guidelines to assist in building a 
successful team. 
1. Every member is an active and wiHing participant 
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2. The relationships are good. 
3. There is trust and respect among members. 
4. All ideas are welcome. 
5. There is commitment to the working/principles of the team. 
Guidelines to assist in building a successful team are as follows. 
1. Those who will be affected by the results of the team are included in the 
team activity. 
z All members are aware of and educated about quality management, 
particularly the use of improvement tools. 
3. Every person is clear about the aims and objectives of the team. 
4L There is discipline and adherence to agreed rules. 
S. All members should regularly attend. 
6. Periodic reports to senior management should be encouraged (this will 
recognize the worth of the team). 
7. There is regular evaluation during and after the teamýs life to review what 
feedback can be obtained. This will be useful information to other teams. 
10.2.5 Stages in team development 
Tuckman and Jensen (1977) suggested that there are four stages in the development 
of a team. 
1. Forming: aims tc) make everyone aware of what are required, getting people 
to conform and understand each other. 
z Storming- is the stage where conflict is likely. This conflict has to be dealt 
with in order to make any progress. 
3. Norming- is where the group wifl start to gel, and cooperation wiH occur, 
the team will start to display confidence, trust each other, have clarification 
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about their purpose, an ability to think about problem solving, and 
consideration of how improvements can be achieved. 
Performing: is the stage where productivity is characterized by flexibility, 
leadership decided by situation not by protocol, everyone's energies utilized, 
and basic principles and social aspects of the organisation's decisions 
considered. 
10.2.6 Leadership and teamwork 
John Adair (1987) developed a model for teamwork and leadership, Adair brought 
out clearly that for any group or team, big or small, to respond to leadership, they 
need a dearly defined task, and the response and achievement of that task are 
interrelated to the needs of the team and the separate needs of the individual 
members of the team. The value of the overlapping circles is that it emphasises the 
unity of leadership and the interdependence and multifunctional reaction to single 
decisions affecting any of the three areas. 
Task 
Clear targets 
Standards of performance 
Clear responsibilities 
Achieve 
targets/standards 
Systematic approach 
" Common sense oflý- 
purpose 
" Supportive climate 
" Grow and develop as a 
unit 
" Sense of achievement 
" Common identity 
,, -4' 
Individual 
. *--I 
ýcceý ý-Byýleader 
- By 
team 
" Valued - By leader 
- By team 
" Able to continue 
" Know what is expected 
" Growth 
Figure 10.2. Adair's Model 
Source: John Oaldand, 1995 
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10.2.7 Implementing teamwork for quality improvement-the 
'DRIVE model 
John Oakland (1995) developed a model for a structured approach to problem 
solving in teams, the DRIVE model. It provides landmarks to help the team on 
track and in the right direction, the model comprises the following four steps. 
Define: The problem-output: written definition of the task and its 
Success edtexia. 
Review: The information-output: presentation of known data and 
Action plan for further data. 
hivestigate: The problem-output documented proposals for 
Improvement and action plan. 
Verify: The solution-output proposed improvements that meet 
Success criteria. 
Execute: The change-output: task achieved and improved process 
Documented. 
Latliam (1994) stated in the Constructing the Team Report, that "Teamwork cannot 
be achieved unless all sections of the process are committed to it". Which must 
indude the foRowing. 
Clients, who vary in their interest Some, including some government 
departments, display no discernible interest in subcontractors. Other clients 
take an intense interest in aH partidpants on and off site. 
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ConsuItants, on whatever basis they are retained and under whatever 
procurement route, especially as they often seek to transfer responsibility for 
detailed design to specialists. 
3. Main constructors, whose role in pulling together the performance of the 
contract is crucial. Some have argued that main constructors no longer have 
a necessary role in the modem construction industry or even that their 
influence is malign. They remain the most effective mobilisers and 
coordinators of resources. They are responsible for the smooth running of 
the whole site throughout its operation, and for the performance and quality 
of the work of all their domestic subcontractors. 
Specialist/ trade constructors, many of whom (particularly specialists) also 
employ sub-sub constructors. Some are of the smallest sub- constructors, 
including those at the very end of the construction process such as landscape 
companies. 
10.3 Teamwork in the proposed dynamic model for TQM 
The PROMANSYS dynamic model provides a framework for implementing TQM 
(Teamwork) in both stages of pre-contract and post-contract of any project The two 
stages are discussed as follow. 
10.3.1 Pre-contract stage 
1. Project engineer 
A team leader is appointed by the client and leads a large number of architects, 
engineers and technicians. The following team members are all required to pool 
their knowledge, expertise and information in the dynamic mode to complete it, 
to give the desired reports, charts and data as mentioned in Chapter Nine. 
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2- Client 
The client will provide the project manager with the design brief and 
requirements to the design of the project, his vision, budget limits, size of 
project and the standard quality as the main issue and input from his side will 
find a benchmark for all team members to establish and always refer to, when 
each member submits his input of information to the project 
3. Architect 
In "PRONLANSYS" the architect win be responsible for providing all the 
information required to complete the spedfications data required with regards 
to the use of finishing materials, sizes, colours, brands and shapes to reach the 
design requirements, functionalities, appearance and economy. 
4. Civil engineer 
Inputs in the specifications of the project all the structural design requirements 
to complete the structural drawings, and the construction requirements. All 
information related to type of soil, depth of excavation, bearing capacity of the 
soil, methods of supervision and specification with regard to building materials 
and processes. 
5. Electrical engineer 
Part of the specification requirements is the electrical design, materials and 
methods standards and criteria requirements to the project main design, with 
regard to writing, conducting, electrical loading and connections. 
6. Mechanical engineer 
The mechanical design is only completed by providing the technical 
specifications in the specifications writings of the project, with regard to 
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plumbing works, air conditioning, lift requirement, fire fighting, escalators and 
other mechanical works related to the project. 
7. Material engineer 
The material engineer gives the type of material, the time needed of those 
materials and the technical information of the materials required for the project, 
with the method of testing and custody of the material at site. The selection of 
the material and methods of testing are done in cooperation with the architect of 
the project. 
8. Quantity surveyor 
The rates, prices and all costs related to the budget of the project with the 
quantities of all related activities of the project are set, processed and controlled 
by the quantity surveyor. The data are input in the TROMANSYS" after 
finishing all the specifications writing of each activity. The bill of all the 
quantities of the materials of the project are only obtained after the quantity 
surveyor has finished the input of his data in the "PRONMNSYS. " 
9. Planning engineer 
In the parallel line with the specifications writing and quantity surveyor work, 
the planning engineer provides all the information regarding the activity 
duration and the relations between the activities of all the project, with the 
allocation of human resources of each activity and plant requirements. The 
duration of the project is obtained after putting all the data of the planning 
engineer. The quantity surveyor uses the planning engineer to relate the cost of 
material requirements of each activity that the human resources and plant 
requires to achieve the total budget of the project. 
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10. Value engineer 
After all the information and data are given by the architect, engineers and 
quantity surveyor, (with regard to material selection, cost and methods), the 
value engineer scrolls through all pages of the specifications activity by activity, 
studying and judging the requirements of each activity. The value engineer 
proposes new material, with new costs and new methods as alternatives to the 
ones selected earlier aiming to reduce the cost of the project, reduce the time 
needed to finish the project and give a long life cycle to all the materials selected 
to the project Minimising the maintenance cost and giving more durability, 
better functionality with less cost, without affecting the quality standards and 
requirements of the project 
All these team members must have an input at one stage or another to the 
information required for the dynamic model. The project manager is the facilitator 
or team leader who will be in charge of putting the clienes objectives and 
requirements into action and achieve them to the standard expected from the client 
through the team members. 
10.3.2 Post-contract stage 
The project manager will use all the data given by the team members in the 
"PROMANSYS, " through the reports, charts and graphs given as an output of the 
project planning and control tools. Charts such as the planning chart (Gant Chart) 
or bar chart of all the activities and duration are used at the site to monitor and 
control the activities to avoid any delay. Human resources and plants are used to 
allocate labourers to the activities and plants for each activity to achieve teamwork 
at any stage of the project maintaining team spirit and effort. 
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The cash flow of the project is monitored through the S-Curve and planning budget 
charts to control the budget of the project and keep it within the allowed limits to 
reduce any losses in the prciect. 
All these tools (charts, reports and graphs) are all produced through 
"PROMANSYS' to get the team members of the project sitting together around a 
table and working together as one team with real team spirit monitoring, 
controlling and achieving the quality of the project keeping TQM as the main target 
objective of the project All these efforts are reflected in the projects in all aspects of 
design, construction, project's budget and quality. 
The benefits of teamwork are achieved when all the team members are working 
under the project manager (team leader) through the TROMANSYS" model as the 
main input tool of an individual project for all the team members. Achieving better 
solutions through the pooling of ideas, knowledge and cooperation, (so less time is 
wasted in non-productive conflict), commitment by the team members, even 
distribution of work, responsibilities, effort and stress, and more productive 
working by utilising the particular skills of the individuals makes up the team. 
10.4 Creating a culture 
Creating a TQM culture wid-dn an organisation is one of the biggest challenges of a 
TQM programme. An organisationýs survival may depend on how it adapts its 
culture to a rapidly changing business environment, and to the demand of its 
customers. 
Culture derives from people's belief and ideas, and in turn fl-ds determines their 
attitudes and behaviours. In TQM, cultural attitudes are of paramount importance 
and should characterise everybody involved in the construction project from the 
project director through to each member of the workforce ECI (1996). 
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ECI (1996) described the attitudes to be fostered, which include: customer focus, 
empowerment, knowledge sharing, and no blame, as discussed below. 
Customer focus. The customer's needs are met as far as contractual and 
commercial realities will allow; satisfyirýg the customer is a primary 
objective in everyd-ting done on the project; there is a non-adversarial 
approach to problem solving. There are both internal as well as external 
customers. This means that those people that are provided with a service in 
the organisation should be regarded as customers. 
Empowertnent: Each member of the project work force is empowered to be 
responsible and accountable for their own actions and is encouraged by 
management to use their skills, knowledge and creative talents to the full for 
the benefit of the project as a whole. 
Knowledge sharing. - Everybody actively and generously communicates and 
shares knowledge and information with all other relevant parties on the 
projea 
No Blame: There is no blame. Open, honest attitude to errors and mistakes 
with a view to swift correction and avoidance of blame. There is recognition 
that when mistakes occur, scapegoats should not be sought and the 
management has a responsibility to the workforce to examine what changes 
may be needed in working processes to avoid re-occuffence. 
Distinctive cultural attitudes often exist on sites, where the workforce has a large 
transitory component. Special care needs to be taken to develop a TQ culture that 
bridges, not reinforces, the divide between head office and site. 
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10.4.1 Definition of a culture 
Culture is a social construction: The elements of culture, such as values, benefits, 
and understanding are held in common by aU group members. 
Bounds, Yorks, Adams and Ranney (1994) defined culture as follows. 
"Culture as a pattern of artefacts, behaviours, values, beliefs and assumptions that 
a group develops as it learns to cope with internal and external problems of 
survival and prosperity". 
Peter and Waterman (1982) provided a list of seven basic values that are found in 
the best American Companies. These two management writers present corporate 
culture as a recipe for success in which quality is one of the seven essential beliefs. 
These basic values are defined as follows. 
1. A belief in being the 'best. 
zA belief in the importance of the details of execution, the nuts and bolts of 
doing the job welL 
A belief in the importance of people as individuals. 
A belief in superior quality and service. 
A belief that most members of the organisation should be innovators, and its 
corollazy, the willingness to support failure. 
A belief in the importance of informality to enhance communication. 
7. Fxplicit belief in, and recognition of, the importance of econon-dc growth and 
profits. 
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10.5 Culture in the proposed dynamic model for TQM 
"PROMANSYT unites all members of the project as the one and only tool for the 
project, which is the dynamic model, where every member of the design and 
construction teams has the same objectives to be achieved, resulting in unified 
values, benefits and understanding. 
It is mainly the duty of the project manager to get everybody thinking and 
behaving in the same way since the team unites and works for this project and to 
the duration of the project only. This is if the team members are not all from the 
same organisations, but from many different firms. The job of creating a culture is 
much easier if all the team members are all from the same firm and under the 
supervision of the same project manager for many projects previously undertaken. 
The situation would be more difficult to create a culture if the team members are 
from different firms, where the project manager will use the client's briefs, aims 
and objectives of the project and formulate them into certain beliefs, ideas, values 
and understanding to create a social environment to all team members to work on 
the same wavelength. 
"PROMANSYS' will greatly help to create that culture, and the project manager 
would find it a very helpful tool to get everybody working on the same model 
uniting all members to the same beliefs, benefits, values and objectives. 
Creating a culture usually takes a long time if the team members of the project do 
not share the same beliefs, common objectives and values. Using TROMANSYS" 
repetitively for many different projects will shorten the duration needed to create 
the desired culture. The more TROMANSYS" is used the more the project 
members get to the point where the aims benefits and ideas of the project are met. 
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The project members when working with the same beliefs and values, will share 
certain essential beliefs and basics such as, the importance of the details of the 
execution when doing the job, superior quality and services, the importance of 
informality to enhance communication, the importance of people as individuals, 
recognition of the importance of economic growth and profits and believing in 
being the best 
10.6 Improving communication 
Effective communication of information for all activities and at all levels is vital for 
a construction project. Considering the amount of information (drawin& 
specifications, procedures, contract details), and also the number of interfaces 
(client - constructors - supplier, design - construction - commissionin& manager - 
foreman-worker) that typify the industry with up to twenty five percent of man- 
hours being spent exchanging information (meetings, conversations, instructions, 
reports) effective communication is the key. Information must be dear, complete 
and accurate, conveyed concisely and in understandable language (EC1,1996). 
Clients constructors Suppliers 
x 
Figure 103: Effective communication channels 
Source: ECI (1996) 
Figure 9.3 shows that effective communication must be up, down and across the 
project organisation; induding design, manufacturing and site. Communication in 
the construction industry can be viewed from the foHowing three aspects. 
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* Firstly: as a means of gathering information to certain needs of the employer 
and architect. 
Secondly: as a necessary tool of management to integrate the functions of 
departments and specialist sections within an organisation. 
* Thirdly: as a vital link between manager and subordinate to get the job done 
using person-to-person communication. 
10.6.1 Communication principle 
Communication can be defined as the act of passing information Davis (1982). The 
act of passing information can be used to transfer ideas, relay instructions, give 
orders, tender advice and explain facts. 
The first requirement of effective communication is that, what is intended is 
understood. Secondly, that the understanding should induce the action which was 
the objective of the communication. Thirdly, the lines of communication should be 
as short as possible and simplifiecL 
Effective communications should initially require a purpose or objective for the 
transferring of information. The information to be transferred should be properly 
prepared and in the most suitable form to suit the receiver. 
10.62 Barriers to communication 
Rosemary Stewart (1979) describes the barriers to downward, upward and 
horizontal communication. Difficulties in downward communication can arise 
from misunderstanding. The manager should realize that what he is saying is often 
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n-dsunderstood, due to a different use of language or use of technical jargon, 
especially when people have different backgrounds. 
The other barrier in downward communication is caused by distrust, often leading 
to a wrong interpretation of what is said where there is an atmosphere of suspicion, 
and even the simplest remark and the most straightforward instruction will be 
examined for hidden meanings. 
The barrier to upward communication is the lack of opportunities, either formal or 
informal, for employees to say what they are thinking and feeling. The 
management, when it wishes to explain its views and policies, does so via notice 
boards, letters and special meetings. Workers often have only their union, which 
may confine itself to wage claims and grievances. 
Difficulties in horizontal communication arise from poor coordination and 
cooperation between the departments of the organisation. Top management should 
therefore try to encourage communication between departments at all levels by the 
use of interdepartmental committees. It can also try and foster informal contact by 
giving managers opportunities to get to know those in other parts of the business. 
10.6.3 Open communication 
The proposed dynamic model in this thesis is a good example for open 
communication. 
Open communication is a necessity for an effective management improvement 
process. The job-site management teams must be able to dearly communicate their 
needs and concerns throughout the project from design to construction. All related 
project information must be available to all team members on an immediate basis to 
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allow decisions to be made promptly, particularly when these decisions can impact 
overall project quality. 
Methods of effective open communication among team member include using 
project-computerised database. This allows all team members to access all related 
project information, instructions, correspondence, submittal information, and other 
project data whenever required. Paper trials are eliminated and owners can receive 
an entire project's archives on a disk for use as necessary in the future. 
10-6.4 TQM and communication 
TQM will significantly change the way many organisations operate. This change 
will require direct and clear communication from the top management to all staff 
and employees, to explain the need to focus on processes. Everyone will need to 
know their roles in understanding processes and improving their performance. 
Whether a strategy is developed by top management for the direction of the 
organisation as a whole, or specifically for the introduction of TQM, is only half the 
battle. An early implementation step must be the clear widespread communication 
of the strategy. An excellent way to accomplish this first step is to issue a total 
quality message that clearly states top managemenes commitment to TQM and 
outlines the role everyone must play. 
TQM will dearly have a profound effect on all tasks, activities, and processes 
throughout the organisation. It should change management style and integrate the 
process input of information, people, machines and materials. One aspect of the 
communication process worthy of particular attention is that between departments 
or functions. 
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The language used between departmental or functional groups will need attention 
in many organisations. Reducing the complexity and jargon in written and spoken 
communications will facilitate comprehension. When written business 
communications cannot be read or understood easily, they receive only cursory 
glances, rather than the detailed study they require. Simplicity and briefness must 
be the guiding principles Oakland (1995). 
All levels of management should introduce and stress 'opee methods of 
communication, by maintaining open offices, being accessible to staff and 
employees and taking part in day-to-day interactions and the detailed processes. 
This will lay the foundation for improved interactions between staff and 
employees, which is essential for information flow and process improvement. 
Opening up fines of communication through a previously dosed system win aid 
the process. Change can be exciting if employees start to share this and participate 
by creating the most appropriate communication systems, development, growth, 
suggestions, and questions. Managements must encourage the key medium for 
motivating the employees and gaining their commitment to TQM by face-o-face 
communication and visible management commitment. Much is written and 
spoken about leadership, but its mainly involves communication. If people are 
good leaders, they are invariably good communicators. Leadersl-dp is a human 
interaction depending on the communications between the leaders and the 
followers Oakland (1995). 
10.7 Improving communication in the proposed dynamic model for 
TQM 
TROMANSYS' relies on the open method of communication, where aH the project 
team members can communicate their needs, information and data throughout the 
project stages from design to constructiorL "PRONMNSYS' is the tool of 
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communication that holds all the strings of the project, which makes 
communication so effective, productive and short. 
The communication barriers are almost removed in "PROMANSYR' to avoid any 
misunderstandin& wrong interpretation, duplication and any unnecessary middle 
media. 
The information in the model is open and available to all members of the project 
team to look aý study, and discuss through all stages of the project to achieve the 
best possible methods and quality standards to the benefit of the project. 
TQM messages, objectives, strategies, tools and techniques are shared and unified 
to all the project members, who will give feedback to everybody related. The 
project manager will have TROMANSYS' as a tool to pass all the information 
related to the project to all the project members. An excellent way to accomplish 
the implementation of TQM is to issue a total quality message that clearly states top 
management commitment to TQM, and outlines the roles that the project members 
must play. This can be in the form of a quality policy of a specific statement about 
the objectives, aims and standards to integrate TQM into the project 
Once the project team members understand the strategy, aims, objectives and 
quality standard of the project with the budget allocated the project manager must 
establish the infrastructure. The required levels of individual commitment is only 
likely to be achieved if everyone understands the aims and benefits of TQM, the 
role they must play and how they can implement process improvements. For this 
understandin& a constant flow of information is necessary, including. 
when and how each member of the project will be involved; 
what the process requires; and 
o the success and benefits adiieved. 
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"PRONLANSYSP can provide the project with interpersonal skills of every project 
member, wWch will be required for good and effective communication around the 
processes and stages of the project, to implement and obtain the best results of 
TQM. 
10.8 Implementing value engineering 
Value engineering with the aid of its tools and techniques may be applied in two 
stages. The first stage is during or immediately after the completion of the plans 
specifications and prior to their release to constructors. The second stage for value 
engineering study is after a contract is awarded for the construction of the project. 
The maximum cost savings is achieved in the first stage, where the plans of the 
building are modified with the use of the functional analysis techniques to 
concentrate on the needs and ignores the desires to give the optimum functional 
building system and the use of material without affecting the quality and at the 
lowest cost of the project 
10.8.1 Cost reduction areas when implementing value engineering 
Prior to the Design Stage 
During the clients briefing stage to the consultant, a figure for the project budget is 
given by the client and allocated to the whole project, based on the clients 
feasibility study at the conceptual stage. Usually, the client sets a low cost goal or 
budget by setting this goal, a mark is established for all team members to work 
toward. With this technique the design team will be committed to give a design 
meeting the client's request and maintaining the quality needed for the project. 
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At the preliminary design 
With the application of functional analysis on the plans and by adjusting, 
modifying, relocating and finding workable alternatives for the design, value 
engineering gives careful. consideration to the methods and equipment that may be 
used to construct the project Requirement, which increases the cost without 
commensurate benefits, would be eliminated. The ultimate decisions of the 
engineer should be based on a reasonable knowledge of construction methods and 
costs. 
During the final design 
During the final design, the client will ask the job construction management team 
to perform a formal value engineering evaluation on the whole design and 
specifications. They will look at all the plans and specifications and recommend 
changes to the design to save construction cost wherever reasonable. The specified 
quality of workmanship and methods of construction have considerable influence 
on the amount and class of labour required and the cost of labour. Complicated 
concrete structures are relatively easy to design, but they may be extremely difficult 
to build. A high-grade concrete finish may be justified for exposed surfaces in a 
fine building, but the same quality of workmanship is not justified for a warehouse. 
The quality of workmanship should be in keeping with the type of projea 
At the tendering stage 
Invitation or the nomination of the appropriate constructors is extremely important 
for the project, as the constructor should be capable financially and technically for 
the project otherwise project cost will be increased by delays, n-tistakes and 
conflicts. In addition, the timing of tendering is also a cost saving strategy, such as 
adjusting the timing of bids to avoid conflicts with other large projects packaging of 
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the construction contracts to allow the clients to obtain the lowest possible prices, 
partnering with construction constructors to minimise or eliminate claims and 
opfm: dsing environmental mitigation to perform the required mitigation in the 
most cost-effective manner. 
During construction 
At this stage the value engineering evaluation is made by the constructor under the 
direction of his own value engineer or under the direction of a professional value 
engineer engaged by the constructor. He is invited to submit detailed statements to 
the owner describing the modifications, with estimates showing the anticipated 
reductions in costs. A constructor, who does not keep informed on new equipment 
and methods, will soon discover that the competitors are under-bidding him, and 
will take a longer time to finish a project compared with other advanced and 
modem constructors. 
10.8.2 Value engineering techniques 
1. Making a value engineering study 
A value engineering study should be made by one or more persons, who are 
thoroughly versed in methods of construction and the materials to be used in the 
project As means of implementing the study, certain questions, such as the 
following should be asked regarding the project Period (1979). 
What is its purpose? 
What does it cost? 
3. What modifications are possible? 
4. What will such modifications cost? 
What effect, if any, will the modifications have? 
6. What is the time required to complete the project? 
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An application of each of these questions to each phase of the project may reveal 
that certain reductions in costs are possible without sacrificing the quality of 
function of the project. With the approval of the owner, these modifications can 
then be adopted. 
2. Life-Cyde Costing (LCC) 
The LCC approach is to treat design decisions as investments in building and their 
components. The amounts of future benefits must be established to assess costs to 
be made. The future benefits from the higher cost alternatives must be how much 
investment is justified when design alternatives at different capital are established 
and evaluated to justify the expense giving value of money over time. 
3. Objectives in using life cycle costing 
Life cycle costing provides visibility to all cost factors included in an analysis. Its 
broad objectives are: 
0 to provide a dearly defined methodical framework within wl-dch alternative 
solutions can be logically and fairly appraised; 
0 to derive the optimum economic solution to facilitate design problems from 
all available altematives; 
to require design assumptions to be stated explicitly rather than intuitively; 
to provide an analytical tool that can establish the interaction between 
planning and design decisions and long-term costs; and 
to promote inter-disciplinary cooperation. 
4. Functional analysis method 
The analytical description of function has two apparently unrelated sources Kelly 
and Male (1993). The first can be traced to the operational research technique of 
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objectives hierard-des, and the second to functional analysis diagranuning 
developed wid-iin the framework of value management 
Functional analysis diagramming is attributed to the developing tedu-dques of 
value management within the manufacturing industry. The techniques have been 
transferred to the construction industry with mixed success. In a functional analysis 
the function of each component is examined in the project by asking the question 
'What does it do? ' In a value management exercise, the next question would be 
"How else can this be achieved? ' A brainstorming exercise is held and other 
technical solutions generated. However, once the problem is solved, one major fact 
should not be ignored, and that is the scale of the savings in time and money that 
may flow from the idea. 
10.9 Implementing value engineering in the proposed dynamic 
model for TQM 
"PROMANSYR' elevated from the level of other packages available in construction 
management with its performance, and especially with the introduction of Value 
Engineering. Value engineers can be implemented through many stages, at the 
preliminary design, during the final design, at the tendering stage and during 
construction. In TROMANSYS" value engineering is implemented during the final 
design stage. 
To obtain the best results of the materials used and methods of construction used in 
the project, value engineering must be implemented bearing in mind the Ufe Cycle 
Costing of each material and each activity and method used. To achieve TQM, 
value engineering must be used to analyse the designed building features, systems 
equipment and material selections for the purpose of acl-deving essential functions 
at the lowest life cycle cost, consistent with required performance, quality, 
refiability and safety. 
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In "PROMANSYSP when all the materials of the project selection is finished and 
entered in the "specifications" entry forms and also the methods of fixing and 
construction selected, (with all the rates and quantities). At this stage, every 
member of the project will have put the information needed by them and no more 
entries are done in "PROMANSYS. " The value engineer will look and study all the 
materials selected and methods used, to find alternates to the materials selected, 
perform the design requirements and save in construction cost wherever 
reasonable. Taking into consideration the Life Cycle Cost of every material used, 
the amount of future benefits must be established to assess how much investment 
is justified. When design alternatives at different capital costs are to be made, the 
future benefits from the higher cost alternates must be established and evaluated to 
justify the expense. 
The value engineer will have to click on the box of value engineering in 
"PROMANSYS" to start changing the specifications and suggest alternatives. To 
enter the changes the value engineer must enter the password, so that no one else 
other than the value engineer will have the ability to enter and change the 
specifications for security reasons. 
10.10 Continuous improvement 
10.10.1 Objective of continuous improvements 
To keep pace with the changes in the external environment, managers have to 
change the organisation. With rates of change increasing in the external 
environment, managers must improve differently and more frequently than in the 
past Managers must pursue continuous improvement, which is a constant striving 
to change and make things better. 
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The objective of quality improvement is to continuously improve quality by 
eliminating non-conformance in every activity throughout the organisation. The 
benefits wl-dch can be gained from the implementation of a successful quality 
improvement programme are enormous: Improved customer satisfaction, 
elimination of error and waste; reduction in operating costs, increased motivation 
and commitment of employees; increased profitability and competitiveness and 
survival of the organisation 
10.10.2 Commitment to continuous improvement 
Implementation of a quality improvement programme is not a step to be 
undertaken lightly. It demands absolute commitment from everyone, starting with 
senior management, if it is to succeed. It frequently requires a change in company 
culture and a radical rethink of every activity being performed in the organisation. 
The commitment of senior management is the most important factor in ensuring 
the success of the programme, and is also the most difficult to achieve. There is no 
easy method for achieving this commitment. It requires constant attention, 
persuasion and powerful evidence of the benefits that can be gained from quality 
improvement 
10.10.3 Principles of continuous improvement 
The never-ending improvement cycle ensures that the organisation learns from 
results, standardises what it does well in a documented quality management 
system, and improves operations and outputs from which it learns. But the 
emphasis must be that this is done in a planned, systematic, and conscientious way 
to create a climate, a way of life that permeates the whole organisation Oakland 
(1995). There are three basic principles of never-ending improvement 
focusing on the customer; 
understanding the process; and 
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0 all employees are committed to quality. 
Focusing on the Customer 
An organisation must recognise, throughout its ranks, that the purpose of all work 
and all efforts to make improvements is to serve the customers better. This means 
that it must always know how well its outputs are performing, in the eyes of the 
customer, through measurement and feedback. The most important customers are 
the external ones, but the quality chains can break down at any point in the flows of 
work. Internal customers therefore must also be well served if the external ones are 
to be satisfied. 
Understanding the Process 
In the successful operation of any process it is essential to understand what 
determines its performance and outputs. This means intense focus on the design 
and control of the inputs, working closely with suppliers, and understanding 
process flows to eliminate bottlenecks and reduce waste. It is not possible to stand 
aside and manage in never-ending improvement TQM in an organisation means 
that everyone has the determination to use their detailed knowledge of the 
processes and make improvements, and use appropriate statistical methods to 
analyse and create action plans. 
Employees are committed to quality 
Everyone in the organisation, from top to bottom, from offices to tecludcal services, 
from headquarters to local sites, must play their part People are the source of 
41 ideas and innovation, and their expertise, experience, knowledge, and cooperation 
have to be harnessed to get those ideas implemented. 
The fist step is to convince everybody of their own role in total quality. Employers 
and managers must of course take the lead, and the most senior executive has a 
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personal responsibility for quality. The degree of management's enthusiasm and 
drive will determine the ease with which the whole workforce is motivated. 
10.10.4 Methods of achieving improvement 
Steven McCabe (1998), described two areas of methods of achieving improvement 
and they are as foHows: 
partnering; 
bendunarking; and 
Partnering 
An important aspect of the overall change brought about by a TQM approach is a 
changed relationship with suppliers. Dale, Lascelles and Uoyd (1994) provided a 
description of what they call. "supply chain management" (another name for 
partnering). The concept is defined as a situation of 'working together towards a 
common goal. It leads to "benefit through cooperation, rather than pursuing self- 
interest'. The typical features are as follows. 
Long-term contracts based on: 
common aims, particularly to continuously improve the product or 
service; 
0 shared desire to work together; 
0 mutual h-ust; 
0 cooperation; 
honesty; and 
open declaration of problems. 
Willingness between both parties to learn more about ead, other. This may 
involve members of supplier's and client's organisations working at other 
offices or sites. 
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A constant interchange of information, including all financial matters. 
Cooperation on the design and methods of production at the earliest 
opportunity. 
5. Joint problem solving to achieve best practice. 
6. A reduction in the size of the supplier base. 
Partnering arrangements usually work better with fewer supplies. Otherwise 
adequate communication and a relationship built on trust cannot occur. Dale, 
Lacelles, and Lloyd, (1994) suggested the probable benefits of reducing the number 
of suppliers as being: 
less variation in product diaracteristics; 
more time for QA needs of vendor (buyer); 
simple and better communication with vendors; 
less paperwork; and 
less handling and inspection. 
Benchmarking 
Benchmarking is a useful part of any TQM process; it aims to identify the 'best 
practice' in other organisations, particularly those regarded as the best so that 
'objective comparisons' can be made with what the organisation is doing. Steven 
McCabe (1998) describes the three main types of benchmarking- 
1. intemal benchmarking; 
z competitive bendmiarking; and 
functional or generic benclunarking. 
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1. Internal benchmarking 
Internal benchmarking compares all the operations within an organisation. It can 
be achieved in the early stages of TQM when one department office or site has 
made extremely good progress. Other parts of the organisation seek to emulate 
this progress, and will visit the location to see what has been done, and how. 
internal benchmarking seldom has problems with access, a distinct advantage. 
2. Competitive benchmarking 
This involves making a comparison with those organisations that operate in the 
same area or sector. As a result they are likely to be competitors. It is also called 
reverse engineering or tear down. This is because in the manufacturing industry, if 
the competitors come up with a new or radically improved product, the most 
obvious way to investigate is to buy one and pull it apart. This will allow seeing 
what components are used. 
3. Functional or generic benchmarking 
Functional or generic bend-tmarking is regarded as the purest form of 
benchmarking. It involves the comparison of a function, or indeed the whole 
organisation, against another organisation regarded as a superior in its field. The 
objective is not to copy but to be inspired. Non-competitor organisations; are more 
likely to release information of their processes. Many organisations have provided 
revealing information on how they were able to achieve radical transformation. 
This was traditionally held as a commercial secret, guarded at all costs. This 
newfound freedom of access indicates that many organisations believe they are a 
long way ahead and they are likely to remain at the front because their 
improvement effort will be continuous. 
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10.10.5 Types of accomplishment for continuous improvement 
Accomplishment for improvement (breakthrough, incrementalism, and 
standardisation) has been described by Bounds, York, Adams and Ranney (1994) as 
fonows. 
Breakthrough 
Breakthrough means a big improvement in accomplished through radical 
departure from past practices. A breakthrough may come through creativity, when 
an old system is disregarded or scrapped. Creators synthesize and develop ideal 
systems with a clean slate. Because of this fresh approach, the creators can 
overcome the old prejudices, limitations, and intractable problems of existing 
systems. Pure creativity is probably never achieved, but just approached. In 
creating a new system, it is very difficult to discard the old completely and quickly, 
due to the new requirements of the new system, such a hardware, training and 
machinery and budget. Most managerial breakthrough is the result of innovation. 
In innovation, existing technologies, processes, or components of existing systems 
are recombined and re-assimilated in novel ways. The innovated system as a 
whole fundamentally differs from that which existed before. 
Incrementalism 
In incrementalism, small improvements are accomplished. Incrementalism may 
result from creativity or innovation. Often it results when existing systems are 
adjusted and modified by slight alterations. The accumulation of a number of 
relatively small incremental improvements can have a tremendous impact. 
Breakthrough or incremental improvements are not accomplished unless proposed 
changes are put in place. This requires standardisation. 
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Standardisation 
The term "standardisation" is not limited to meaning imposed standards such as 
specifications, protocols, rules, and procedures, or the uniformity of materials. 
Standards are an important part of standardisation, but they must be considered in 
a broader context In standardisatioriý managers verify the performance of new 
systems before releasing them for use. Standardisation requires the manager to 
transmit information about the systems' purpose and architecture, educate people 
who work with the systems and demonstrate that the system works as intended. 
The resulting standardised system displays the right strategic focus, statistical 
capability, and predictability for stable, on-target system performance. 
Ishikawa. (1985) stated "If a person determines a method, he must standardise it 
and move it into a regulation, and then incorporate it into the company's 
technology and property (the method) must be useful to everyone and free of 
difficulty". 
10.11 Continuous improvement in the proposed dynamic model for 
TQM 
"PROMANSYS" has the ability to improve in many aspects such as in the writing 
of specification, building and material rates, presentation of charts and reports and 
in the over all development of the whole package. 
Any material that has been introduced in the market any new method of 
construction and any new techniques and technology that has been introduced to 
the construction industry, could very easily be introduced in "PROMANSYS" 
library of data, also the fluctuation of prices of material in the market could also 
very easily be incorporated in "PROMANSYS". 
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Every team member has full freedom to introduce any new material and techniques 
in their field, whenever it is needed. Each member is responsible to continuously 
improve their field accordingly. Every team member must keep pace with the 
changes in the external environment to the benefits of the project in hand. The 
objective of quality improvement is to continuously improve quality by eliminating 
non-conformance in every activity throughout the project phases and activity. This 
will improve the client satisfaction, eliminate errors and waste, will reduce 
operating costs, and will motivate and result in the commitment of all project team 
members. 
The projects team members must ensure that in a never-ending improvement cycle, 
they learn from results, standardise what they do wen in a documented quality 
management system and improve operations and outputs from what they learn, 
this must be done in a planned, and systematic way. 
There are a lot of experiences learnt from the conceptual phases of the project 
preliminary stages, final design stage, tendering stages, and the process of 
construction as a whole. The learning cycle in these processes could be 
incorporated in the proposed dynamic model. Partnering with the suppliers in the 
provision of materials and plants will create improved standards, that could be 
incorporated in "PROMANSYS" to provide TQM in its best results, performance 
and standards, to gain the satisfaction of the clients to create a loyal customer to the 
organisatiom 
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10.12 Improvement of the framework on the traditional procurement 
system. 
The tradition procurement method of organizing construction work starts with 
appointing a consultant designer, usually an architect or engineer, or both. Other 
specialists may be needed, in particular, a quality surveyor is appointed to provide 
cost information, prepare bill of quantity, compare bids and maintain financial 
management during construction. 
The construction industry has experienced significant changes in the way in which 
contracts are managed. In some cases constructors have been brought in at an early 
stage as full members of the design team, in other clients have appointed project 
managers to act on their behalf. Clients have become increasingly concerned about 
problems such as poor design, inadequate supervision, delays and increased costs. 
Because of the increasing complexity of buildings, the need for a greater degree of 
financial planning, and a desire to reduce both design and construction time, there 
have been numerous attempts to find new ways to plan and control the building 
process. A 'design-construct! contract 'package deal' or 'turnkey' contract is 
intended to bridge the gap which normally separates design from execution. The 
constructor is appointed directly by the client and assumes responsibility for the 
whole process from initial briefing to the production of the completed building. In 
addition to talking on the role of 'leader of the team, the builder also contributes 
his own unique experience of construction materials, methods and costs. 
The framework proposed in this research will improve the traditional procurement 
method of organising construction work greatly. The client is involved at every 
stage of the project from the pre-contract stage (when writing the project's 
specification to tending appointment of main constructors and sub-constructors, 
and at the post-contract stage to hand-over of the project. The ad-devement of the 
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clients objectives and satisfying his expectations with cost and time, are the main 
target of the design and construction team. This is achieved by the framework as 
follow. 
1. The quality: with the implementation of the TQM framework, the clients quality 
standards are taken as the main guidelines to writing-up the project's 
specifications, through the collaboration of all the design and construction team, 
when writing-up the project's specifications and implemented during the 
construction of the projects through the projects manager using "PROMANSYS" 
model with teamwork effort of all projects members including the value engineer 
and the main constructor. 
Z The time: the project manager leading the design and construction teams, 
through the use of "PROMANSYS" tools of charts, graphs, bill of qualities and 
specification manual produced by "PROMANSYS" will achieve a commitment by 
the main constructor, sub-constructor accepting more responsibility for meeting 
completion dates, and designs being more aware of the importance of complete 
information in "PROMANSYS" well in advance of work on site. 
3. The budget: the value engineer, with the effort of the quality surveyor to 
produce, specifications on bill quantities will balance between the contract 
allocated budget and the quality standard needed by the client by achieving 
realistic cost estimates and tenders which reflect the final cost, through the use of 
the best alternative material, methods and systems of construction for the 
minimum life cycle maintenance costý and the most appropriate building rates 
available, reducing risk of contractual claims stemming from poor documentation 
and late receipt of information, and avoiding delays which can cause loss of 
revenue and costly funding arrangements. 
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10.13 Summary 
Teamwork is an essential component in the implementation of TQM, in terms of 
bringing about change, for better communication, better solutions through the 
pooling of ideas, more commitment by members of the team, more cooperation, 
even distribution of the work and more productive work envirorunent by utilizing 
the particular skills of the individuals. 
In "PROMANSY9', teamwork as a main element of TQM is implemented in two 
stages, the pre-contract stage and post-contract stage. During the pre-contract stage 
the project manager leads all the project team, and they are: client, architect, civil 
engineer, electrical engineer, mechanical engineer, material engineer, quantity 
surveyor, planning engineer, and value engineer. The project manager's job is to 
ensure that all the team members share the same aims and objectives of the project 
and share the same values, beliefs and pace during the execution of the design of 
the project with team spirit to accomplish the design requirements including 
budget, time and quality standards. At the post-contract stage, the project manager 
uses the TROMANSYSP tools such as charts, reports and diagrams to control the 
project through teamwork effort and coordination between all parties involved in 
the post-contract stage. 
Creating a TQM culture to any system, group or an organisation is one of the 
biggest challenges of a TQM programme. An organisationýs survival may depend 
on how it adapts its culture to a rapidly changing business environment and to the 
demand of its customers. 
"PROMANSYS" unites all members of the project as the one and only tool for the 
project, where every member of the design and construction teams have the same 
objectives to be achieved, resulting in unified values, benefits and understanding. 
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The project members when working with the same beliefs and values, share certain 
essential beliefs and basics such as, the importance of execution details when doing 
the job, superior quality and services, the importance of informality to enhance 
communication, the importance of people as individuals, recognition of the 
importance of economic growth and profits, and believing in being the best At 
that stage a culture is created. 
Achieving TQM will require direct and dear communication from the top 
nummgement to all staff and team members, to explain the need to focus on 
processes. Everyone will need to focus on prooesses. Everyone will need to know 
their roles in understanding processes and improving their performance. Effective 
communication is the key. Information must be dear, complete, accurate, conveyed 
concisely and in an understandable language. 
"PROMANSYS" relies on the open method of communication, where all the project 
team members can communicate their needs, information and data throughout the 
project stages from design to construction. TROMANSYS" is the only tool of 
communication that holds all the strings of the project together, which makes the 
communication so effective, productive and short. 
Value engineering is important to any project in the construction industry in order 
to produce the project at the lowest cost and longer life cycle. It is an organised 
effort directed at analysing designed building features, systems, equipment, and 
material selections for the purpose of ad-deving essential functions at the lowest life 
cycle cost, consistent with required performance, quality, reliability and safety. 
In TROMANSYS" when all the material of the project selection is finished and 
entered in the specifications, " entry forms and also the methods of fixing and 
construction selected with all the rates, quality and quantities. At this stage every 
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member of the project will have put the information needed by him and no more 
entries are done in "PROMANSYS. " The value engineer will look and study all the 
materials selected and methods used to find alternatives to the materials selected, 
perform the design requirement and save in construction cost whenever 
reasonable. Taking into consideration the Life Cycle Cost of every material used 
the amount of future benefits must be established to assess how much investment 
is justified. When design alternatives at different capital costs are to be made, the 
future benefits from the higher cost alternates must be established and evaluated to 
justify the expense. 
Continuous improvement is the most powerful concept to guide management and 
for the organisation to survive. It is a term not well understood in many 
organisations. It is necessary to understand and be dedicated to the pursuit of 
continuous improvement in meeting external and internal customer needs. The 
objective of quality is eliminating non-conformance in every activity throughout 
the organisation. The benefits are enormous: Improved customer satisfaction, 
elimination of errors and waste; reduction in operating costs; increased motivation 
and commitment of employees; increased profitability; and competitiveness and 
survival of the organisation. 
All parts of TROMANSYS" are continuously improvable, such as Master File, 
Projects Master Details, projects Phases, Specifications, Planning and Costing, 
Reports and Charts. In all these parts the projects team members must ensure that 
in a never-ending improvement cycle, they learn from results, standardise what 
they do well in a documented quality management system and improve operations 
and outputs from which they learn. This must be done in a planned and systematic 
way. 
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"PROMANSYS" has the ability to improve in many aspects, sudi as: in the writing 
of specifications, in the building and material rates; in the presentation of diarts 
and reports; and development of the whole package. 
If any of these elements are missing, TQM programme will fail and the 
diange process wifl coRapse. 
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CHAPTER ELEVEN 
CONCLUSIONS, RECOMMENDATIONS AND FURTHER 
RESEARCH 
11.1 Introduction 
This research has been devoted to the development of a framework for TQM in the 
construction industry in Bahrain by developing a specification model, which 
should help to improve performance in the construction industry. The research has 
sought to analyse the current status of the construction industry in Bahrain, with an 
analysis on the limitations of the construction specification used in Bahrain, as seen 
in Chapters 3 and 6. 
The research discusses the concept of TQM, first in general followed by its relation 
to the construction industry, with an analysis of the traditional and modem 
construction documentation and the application of information technology system 
as seen in Chapters 4 and 5. An overview of the application of different software 
packages in construction management with a focus on the proposed dynamic 
model, is presented in Chapters 7 and 9. Chapter 6 discussed the implementation of 
TQM to the construction industry through the dynamic model, focusing on the 
main elements of TQM, teamwork, communication, culture, continuous 
improvement and value engineering. In this research there are three questionnaires 
analysed and discussed with results given on specification, Total Quality 
Management and validation of the proposed dynamic model "PROMANSYS". 
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11.2 CONCLUSIONS 
The current status of the construction industry in Bahrain 
The construction industry in Bahrain has yet to take its place in the development 
process of the country. There is a great need to control costs and to demand and 
achieve a higher quality of performance. Rapid development of Bahrain has 
focused attention on the problems that have been associated with the construction. 
The widely prevalent deterioration of concrete structures in Bahrain is caused by 
cumulatively interactive effect of environmental severity, incorrect specification, 
and bad workmanship, absence of engineering supervision and defective 
construction practices. 
The survey results showed a lack of awareness for the purpose of specifications and 
the use of TQM in the construction industry in Bahrain. Level of awareness must be 
raised through authorities technical offices, technical institutions, engineering and 
managerial societies and through the media. To improve the level of quality of 
building in every phase of the construction process of the project until handover to 
client, to full satisfaction. 
Ad-deving the objectives of the implementation of the framework in this research to 
the construction industry in Bahrain should work parallel with the raising of the 
awareness to the importance of specifications and TQM tc) the construction 
industry as a whole. This can only be achieved by the joint contribution of the 
private and public sectors together through all different channels in the 
construction industxy in Bahrain. Like any other quality systems results are 
achieved with a certain period in time, for TQM program result usually achieved 
within three to five years in the construction industry organisations. 
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Defective workmanship in the construction industry in Bahrain come from errors in 
structural design, lack of attention to detail design, incorrect, inadequate or 
incompatible specifications, errors in construction methods and a lack of quality 
assurance programmes in design offices and sites. Projects in Bahrain can be 
categorised into three types namely large, medium and small projects. Most of the 
clients in the small, medium, and some of the large projects want to spend the 
lowest budget for a maximum investment return, without thinking of the effects of 
lowest prices on quality issues. 
Barriers to implement TQM to the construction industry in Bahrain are briefed in 
the following points: 
" lack of awareness of TQM; 
" existence of mixed culture; 
" lack of awareness to productivity; 
" time scale needed to implement TQM; and 
" resistance of managers to change. 
The study of Total Quality Management concept with its relation to the 
construction industry. 
Chapter 8 is devoted to the study of TQM, defining TQM and describing the 
principal tools and techniques of TQM with its application to implement TQM to 
the construction industry, a TQM questionnaire, with discussion and results given 
in this chapter. 
The evolution of TQM changed its function with the passage of time from 
inspection, quality control, quality assurance, and quality circles to Total Quality 
Management from the years 1910 to 1980. TWs era produced many gurus who have 
contributed to the training and practice of the quality improvement movement in 
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two ways. Some of them concentrated on the philosophical aspects of quality 
improvement and others concentrated on the tools of quality. These gurus are 
categorised into three categories, the early Americans, the Japanese gurus and the 
Western gurus (their names and achievements are mentioned in chapter 4). 
Ihe gurus have set down points of wisdom in management and leadership and 
many organisations; use these to establish a policy based on quality. These points 
have been disfiHed and modified to ten points for senior management to adopt. 
1. The organisation needs long-term commitment to construct improvement. 
2- Adopt the philosophy of Zero errors/defects to change the culture to right first 
time. 
3. Train the people to understand the customer-supplier relationship. 
4. Do not buy products or service on price alone-look at the total cost. 
5. Recognise that improvement of the systems needs to be managed. 
6. Adopt modem methods of supervision and training - eliminate fear. 
7. Efiminate barriers between departments by managing the process - improve 
communication and teamwork. 
8. Eliminate the foRowing. 
Arbitrary goals without methods 
All standards based only on numbers 
Barriers to pride of workmanship 
Fiction. Get facts by using the right tools. 
9. Constantly educate and retrain - develop the experts in the business. 
10. Develop a systematic approach to manage the implementation of TQM. 
TQM still has obstacles and barriers for its implementation in the construction 
industry; there are general and specific obstacles. The general obstacles relate to the 
type and nature of the product and the method of construction. While the specific 
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obstacles refer to the background of different parties involved in the construction of 
a project, with regard to the ways of implementing TQM. These obstacles are 
described in detail in chapter 4. 
This chapter describes recent research and developments in the quality of the 
construction industry, which includes. - 
" Department of Trade and Industry (1311) : using FM million a year innovation 
and research budget to help improve the competitiveness, quality and 
performance of the UK Construction Industry. 
" Latham Report: Constructing the Team. Several recommendations were made in 
the final report including a cost reduction target of 30 percent 
" Egan Report- Rethin)dng Construction. Where a challenge was put to the 
industry, raising issues such as teamwork, buildability, culture, partnerin& 
safety, cost and quality. 
" The Construction Industry Board (CIB): established in 1995 to improve 
performance. 
40 Adams Associate in the United States of America introduced six sigma plus, 
which specializes in synergistic combination of strategic planning, leadership 
and total quality management TQM. 
The six-sigma objective is to achieve a world-class performance, a key element of 
which is customer loyalty. It seeks to develop customer loyalty to the point that 
even when approached by a competitor with new benefits, low prices, better 
delivery and additional features, the customer remains loyal. 
Six sigma is a methodology for working on projects utilising specific phases, these 
are: define; measure; analyse; improve and control. When six sigma is used to 
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describe a project, It is the application of these different steps for a specific project. 
The goal of the project is 3.4 parts per million defectives or less. 
Analysis and objective of the information technology in the construction 
industry. 
The traditional and modem documentation methods used in the construction 
industry are all discussed and analysed individually in this chapter. The main 
construction software used in the construction industry is categorised and 
discussed, including word processing database, graphics, computer-aided design 
and drafting, bill of quantity, surveying and quality assurance software, hardware 
requirements, networking local area network (LANs) and wide area networks 
(WANs). The purpose of this chapter is to give an understanding of the 
construction documentations presently used in the construction industry and the 
application of information technology systems, by analysing the field of 
construction documentation as it relates to managerial end users and the 
fundamental system concepts used in information technology systems. For 
managerial end users, the information system function represents a major source of 
information and support needed to promote effective decision making by 
managers. This is an important factor affecting operational efficiency, employee 
productivity and morale, customer service - and satisfaction and is an important 
ingredient in developing competitive products and services that give an 
organisation strategic advantages in the global market place. The evolution of IT 
has been a major factor in boosting the efficiency of every profession both in 
practice and implementation of its specific rules, theories and principles. It would 
not have been possible to bring "PROMANSYS" to the efficiency level aimed for in 
the objectives of this thesis, without doing this chapter. 
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Analysis and limitations of the construction specifications used in Bahrain. 
There are no specifications tailored for the construction industry in Bahrain or any 
of the Gulf countries. Consultants have developed a general specification for 
concrete works with the intention of applying it to all projects that they are 
engaged on. However, there are cases where the specification does not cover a 
particular type of work being carried out, yet provides a bulk of unwanted material 
that is of no use and just makes the document more difficult to use. 
The preparation of specification and contract conditions is done in Bahrain by 
copying from other specifications, which were made by somebody else earlier due 
to lack of skill and knowledge in specification writing. Nfistakes, discrepancies, 
inconsistencies and unclear wording are repeated once again in a new project. Due 
to the poor standard of specifications the following problems arise from the present 
situation. 
" Most of the projects are not finished on time. 
" Allocated projects budgets raised due to changes and variations. 
" Disputes arise with unhappy clients ending up in court 
" Quality of buildings compromised to finish the project 
" High penalties with time consuming correspondences and instructions. 
" Loss of trust and confidence between parties of the project with no future co- 
operation. 
TQM is capable of improving the method of writing specifications and the quality 
of specification with the implementation of the TQM elements of teamwork, 
effective communication, creation of culture, continuous improvement and value 
engineering. The level of specification will definitely improve eliminating all 
problems of the existing used specifications in Bahrain through the proposed 
dynamic model in this research. 
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Overview of the application of different software packages in the construction 
management 
The software packages that are commonly used in the construction industry are: 
Nficrosoft Project 2000, Primavera, Project Scheduler, Timberline, Sure track and 
Sap R/3 are overviewed in this chapter. They are all considered as planning tools 
packages, to plan the activities of the project, allocate labour and plant resources 
and submit good reports and charts for the planning and control processes of the 
projects. 
The following points are the conclusions of the overview and analysis of the 
commonly used packages in the construction managemen4 with a comparison to 
the proposed dynamic model in this researclL 
1. The majority of the projects overviewed in this chapter are useful for large 
projects in the construction industry. The packages are time consuming to 
prepare, complicated and need long seminars, training lectures and experience 
for the user to be fuUy qualified to implement them to real life projects. 
2. AH the packages in this chapter are not based on specification writing 
techniques as in the dynamic proposed model" PROMANSYS". They have no 
master library for specifications and building rates. This gives advantages to the 
dynamic model, which has the ability to be continuously improved by the users 
and take into account all new materials, methods of construction, and 
management systems that are up to date in the construction industry. 
3. The packages overviewed in this chapter cannot be continuously improved by 
the users and will have to be improved by the source of the packages producers. 
T'his means that these packages cannot implement TQM to the construction 
industry because it lacks one of the TQM elements and that is continuous 
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improvements to satisfy the customer's organisations and new trends in the 
construction industry. As the improvement done by package producer is done 
as a general improvement and not specific improvement for the requirement 
organisation using the package. 
4. The packages discussed, lack the element of value engineering, which adds 
great value to the project in hand when implemented in improving the 
specification, the material and techniques used in the project, with great savings 
in the total budget of the project and an increase in the lifecycle of the 
functionality of the project. 
5. Teamwork is one of the main elements in the implementation of TQM, 
"PROMANSYS" uses this element at great length during the preparation of the 
project specification, Bill of Quantity charts and reports. Due to the fact that the 
project manager, client, ardiftect, quantity surveyor and the civil, planning, 
material, electrical, mechanical and value engineers all use the package of the 
dynamic model to form an effective teamwork effort. All other packages 
available in the construction industry lack this element of teamwork, because 
only a limited number of those mentioned above would be using the package. 
Analysis and results of specification and TQM questionnaire 
The questionnaire contained two sections, section one: specification questionnaire 
(11 questions) and section two: TQM questions (18 questions), both Questionnaires 
were aimed at the technical staff, engineers, architects and managers in the 
construction industry in Bahrain: in the public sector, mainly government technical 
offices and service- government authorities; and in the private sector to engineering 
offices, constructors, sub-constructors and suppliers. 
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A questionnaire survey (110 questionnaires) was posted and distributed to the 
Ministry of Housing (22), Ministry of Public Works (17), Central Municipal Council 
(16), Building Constructors (30) and Engineering Offices (25) questionnaires. 
The total responses rate of the two sections were analysed based on the total 
questionnaire sent out which were 110 questionnaires, the total responses that were 
returned were 43 responses, giving an overall return rate of 39 percent. This is 
considered an accepted and reasonable response rate according to Fowler's 
assumption Fowler (1988) the response rate in excess of thirty percent is accepted. 
Spedfication questiontiaire results are as follows. 
9 The Majority in the construction industry do not write specifications for new 
projects. 
" The Majority uses old specification and changes them wherever needed. 
" Most existing specifications need modifications. 
" Repetition, uncompleted, unclear, conflict in clauses and lack of precision 
are the features of the existing specification. 
" The Majority uses FIDIC and JC`r conditions of contract for the 
specifications. 
" Common size of existing specification is between 10-100 pages and takes less 
than a month to prepare. 
Descxiptive and performance specifications are the common type of 
specifications used. 
The Majority prefer computerised specifications. 
Total Quality Management Questionnaire results are as follow. 
* The concept of TQM is new to many people to many people in the field of 
construction in Bahrain. 
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Teamwork is an important concept of TQM. Most top management still 
not giving it much attention, while staff and employees have the 
willingness to contribute in teamwork. 
The flow of information from management to employees is not sufficient, 
therefore, the employees initiative in participating to improve the process 
intheorganisationshasnot yet been explored. 
Many organisations do not adopt sufficient systems to provide their 
customers with quality service. 
The majority organisations do not have an effective management 
information system for decision-making. 
* There is weak management commitment towards training. 
e The majority do not get recognition of their contribution and 
accomplishment at work 
The majority of top management in the construction industry 
organisations do not invest in customer satisfaction due to lack of 
appreciation to the importance of customer satisfaction. While the 
majority of respondents in the organisation showed more willingness to 
achieve customer satisfaction. 
lack of awareness to the benefits of effective communication system in the 
organisation, create a large gap between management and employees, 
and between different departments in the organisation. 
The proposed dynamic model and model validation 
The following are the main features of the proposed dynamic model 
"PROMANSYS", and the results of the model validation. The characteristics of the 
model are explained in more detail in chapter nine. 
Project Management System (PROMANSYS) is a computerised. information 
system based on specification writing technique, with budget control, 
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material control, planning control and reporting system for the construction 
industry implementing TQM. 
The design of the system interprets the stages the project will undergo as 
functional modules are referred to as functions that capture, maintain and 
generate the foRowing: 
m the client and project master details; 
" standard of projects phases, specifications and costing; 
" project scheduling, planning and quantities; and 
" reports, charts and graphs. 
"PROMANSYS" is a custondsed system under Windows Operating System, 
the design of the system satisfies the actual users' requirements and provide 
the standards of Graphical User Interface (GUD. Thee characteristics of 
"PROMANSYS" model are summarised as follows: 
" ease of use, 
" speed and responsiveness; 
" size and compactness; 
" maintainability, and 
" packaging. 
Project management system functional flow and data file hierarchy consist of 
inputs, process and outputs. 
The inputs are. 
" Client and project master file. 
" Activities and phases. 
" Specifications. 
" Material quantities, labour and plant rates. 
" Date starting and date ending of the activities. 
" Value engineering techniques. 
The outputs are. 
a Specification manual. 
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" Bill of quantities. 
" Planning control charts. 
" Material, labour, and plant control and budget charts. 
" S- curve and cash flow charts. 
" Creation of specification master and building rates master. 
A description and analysis of "PROMANSYS" as an information technology system 
is provided where the proposed dynamic model "PRONLANSYS" uses and 
implements most of the construction industry documentations. It creates an 
environment of flow of information between the project's team members in all 
aspects and fields of the information. 
"PROMANSYS" as an information system is the only tool of communication to be 
used by the management for effective decision makin& where all the project's 
documentation is well presented in the system such as specification manual, bill of 
quantities, plannin& material, plants, labour and cash flow charts. 
For any information system to survive it must have the ability to be improved 
otherwise it will be short lived. "PROMANSYS" has the ability to be continuously 
improved through its master data library. Users can easily introduce any new 
material, techniques, methods and tools used in the construction industry. 
* The PROMANSYS model is validated by presentation and questionnaire. 
The overall results of the validations were that the model is. 
Easy to use. 
Has reasonable production time. 
Cheaper to use than other packages. 
Useful to the construction industry. 
a Has short time to leam. 
341 
" TQM is well implemented in the model. 
" Will greatly improve quality. 
" Well documented. 
Not similar to other packages. 
The model improves specification writing. 
The package will reduce errors. 
The package can be continuously improved. 
The implementation of TQM to the construction specification using the dynamic 
model. 
This chapter, discusses how Total Quality Management is implemented through 
the proposed dynamic model, explaining the concept of Teamwork, Culture, 
Communication, Value Engineering and Continuous Improvements. Also 
discussing how TQM is achieved through "PROMANSYS", by getting all the project 
team members working together through one tool "PROMANSYS" at the pre- 
contract and post-contract stages of the project. 
Teamwork 
Teamwork is an essential component in the implementation of TQM, in terms of 
bringing about change, for better communication, better solutions through the 
pooling of ideas, more commitment by members of the team, more cooperation, 
even distribution of work and creating a more productive work environment by 
utilising the particular skills of the individuals. 
In "PROMANSY9' Teamwork as a main element of TQM is implemented in two 
stages, pre-contract stage and post-contract stage. In the pre-contract stage the 
project manager leads all the project team, (client, architect, civil engineer, electrical 
engineer, mechanical engineer, material engineer, quantity surveyor, planning i 
engineer, and value engineer). The project manager's job is to ensure that all the 
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team members share the same aims and objectives of the project and share the same 
values and beliefs during the execution of the design of the project, with team spirit 
to accomplish the design requirements including budget, time and quality 
standards. At the post-contract stage, the project manager uses the tools of 
TROMANSYS" such as, charts, reports and diagrams to control the project through 
teamwork effort and coordination between all parties involved in the post-contract 
stage. 
Culture 
Creating a TQM culture to any system, group or an organisation is one of the 
biggest challenges of a TQM programme. An organisatioes survival may depend 
on how it adapts its culture to a rapidly changing business environment, and to the 
demands of its customers. 
"PROMANSYSP unites all members of the project, where every member of the 
design and construction teams have the same objectives to be achieved, resulting in 
unified values, believes and understanding. The project members when working 
with the same beliefs and values, share certain essential basics such as, the 
importance of execution details when doing the job, superior quality and services, 
the importance of informality to enhance communication, the importance of people 
as individuals, recognition of the importance of economic growth and profits, and 
believing in being the best. At this stage, a culture is created. 
Effective communication 
Achieving TQM will require direct and clear communication from the top 
management to all staff and team members, to explain plans objectives and 
policies. Everyone needs to know their roles in understanding processes and 
improve their performance. Effective communication is the key. Information must 
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be dear; complete; accurate; conveyed concisely and in an understandable 
language. 
TROMANSYS' relies on the open method of communication, where all the project 
team members can communicate their needs, information and data throughout the 
project stages from design to construction. TROMANSYS" is the only tool of 
communication that holds all the strings of the project together, which makes the 
communication so effective, productive and short. 
Value engineering 
Value Engineering is important to any project in the construction industry, to 
produce the project at the lowest cost and longer fife-cycle. It is an organised effort 
directed at analysing designed building features, systems, equipment, and material 
selections for the purpose of achieving essential functions at the lowest fife-cycle 
cost, consistent with required performance, quality, reliability and safety. 
In "PROMANSYS' when all the material of the project selection is finished and 
entered in the specifications, at that stage every member of the project will have put 
the information needed and no more entries are done in "PROMANSYS. " The 
value engineer will look and study all the materials selected and methods used to 
find alternatives to the materials selected, satisfying the design requirements, and 
saving in construction cost wherever reasonable. Taking into consideration the Life 
Cyde Cost of every material used, the amount of future benefits must be 
established to assess how much investment is justified. When design alternatives at 
different capital costs are to be made, the future benefits from the higher cost 
alternatives must be established and evaluated to justify the expense. 
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Continuous improvement 
Continuous improvement is the most powerful concept to guide management and 
for the organisation to survive. It is a term not well understood in many 
organisations. It is necessary to understand and be dedicated to the pursuit of 
continuous improvement in meeting external and internal customer needs. The 
objective of quality is to eliminate non-conformance in every activity throughout 
the organisation. The benefits are enormous: Improved customer satisfaction; 
elimination of errors and waste; reduction in operating costs; increased motivation 
and commitment of employees; increased profitability and competitiveness and 
survival of the organisation. 
All parts of "PROMANSYS" are continuously improvable, such as Master File, 
Projects Master Details, Projects Phases, Specifications, Planning, Costing, Reports 
and Charts. In all these parts the project's team members must ensure that in a 
never-ending improvement cycle, they learn from results, standardise what they 
can in a documented quality management system, and improve operations and 
output from which they learn. This must be done in a planned and, systematic way. 
"PRONIANSY9' has the ability to improve in many aspects, sudi as the writing of 
specifications, building and material rates, in the presentation of charts reports and 
development of the whole package. 
11.3 Recommendations 
The construction industry in Bahrain suffers badly from the old useless systems of 
construction management and quality of specification presently in use in the 
construction industry. This research develops a framework to implement Total 
Quality Management to improve performance, raise the level of quality of 
buildings produced, reduce disputes and satisfy the internal and external customer 
in the industry. The proposed dynamic model is introduced to solve these 
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problems. The model calls for a total rethinking of the existing working practices in 
the construction industry in Bahrain. Therefore, it is highly recommended to 
implement the model proposed in this research to the construction industry to 
improve performance in every phase of any construction project in the construction 
industry, with the introduction of teamwork, effective communication and the 
creation of culture with continuous improvement of the system. 
The government authority in Bahrain is requested to form a taskforce for the 
improvement of performance in the construction industry, following the lead of the 
United Kingdom carried out by Latham and Egan. To analyse, discuss, investigate 
and recommend methods of improving the performance in the construction 
industry in Bahrain. One of the outcomes to be expected from Us proposed 
taskforce is to develop the dynamic model proposed in this research to create and 
introduce the first master construction specification with a strong recommendation 
to implement TQM not ondy in specification, but also in every field of the 
construction industry in Bahrain. 
The results of the survey analysis in this research showed a lack of awareness of the 
purpose of specification and the use of TQM in the construction industry in 
Bahrain. It is highly recommended to raise the level of awareness in these fields at 
the technical institutions, the society of engineers, and the authorities offices, to 
improve the level of quality of buildings in every phase of the construction process 
of the project until handover to client, to full satisfaction. 
Information tedmology has never been a priority in the construction industry in 
Balua! n. Lack of awareness to the need, purpose and use of information technology 
ý0 has put the construction industry in Bahrain many years behind. It is recommended 
to introduce information technology to most of the construction industry fields. The 
proposed dynamic model in this research is considered an information system for 
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the industry; it is to be improved and developed to be used more efficiently in the 
construction industry to cope with everyday changes in information technology. 
11.4 Further research 
There are several recommendations for further research desired from Us study. 
These have been summarised below. 
1. The proposed dynamic model has introduced some planning and control 
charts that have been tailored to suit this model. Further research is 
recommended to integrate other packages such as Auto-Cad, quantity 
surveying, critical path method, and Primavera software to the dynamic 
model in this research for more comprehensive beneficial results from the 
model when implemented in any construction project 
Z The proposed dynamic model is based on specification as the main element 
of the package, which connects and interrelates many aspects of the project 
together with the main elements, such as B. o. Q, cash flow, material, labour, 
plant control and planning charts with the element of specification. Further 
studies should be conducted to investigate the feasibility of the proposed 
model " PROMANSYS" by implementing it to other fields of the process of 
construction such as tendering and contractual procedure, feasibility study 
and quality control programmes. 
3. This research has proposed a framework to implement TQM to the 
construction industry in Bahrain to improve performance in the construction 
industry. A trial was conducted on a small case study project. A complete 
implementation on a large-scale project should be the subject of further 
research so that the developed system can be further validated and 
evaluated. 
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4. This research focuses on specification writing with the creation of a large 
library of construction industry specifications. Further research should be 
undertaken to create master specifications for the construction industry in 
Bahrain or for the whole Gulf region. This master specification should 
categorise the projects into small, medium and large projects, or normal, 
complex and specialised projects, taking into account the methods of 
construction used in the construction industry in Bahrain, the level of 
workmanship, the availability of raw materials and the construction in a hot 
climate. 
S. The proposed dynamic model implemented the main elements of TQM. 
These elements are teamwork, effective communication, culture, continuous 
improvement and value engineering. There are other elements that are not 
implemented such as benchmarking and leadersl-dp. The statistical charts, 
diagrams, matrix data analysis and other TQM tools are not used in the 
proposed dynamic model. Further research should be undertaken to 
develop a model using all the old and new tools of TQNL 
0 
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ANDALUS ENGINEERING // 
Design & Supervision z C, -- 
Ucence No. EPPIBN/84 
Covering Letter Ref. : .................. . ........... 
Date : ...... u. Narlien ..... . 
"TiUe' 
" Address" 
Dear Sr, 
........................... : 
........................ : bju 
Sub: - Sgcýdficatlon and Total Quality Management Questionnaires fbr the Construction 
Indu= In Bahrain. 
Attached with this letter a national survey questionnaire which Is part of my pa(t time 
Ph. D. research Into the development of a frame work to Implement Total Quality 
Management InI: o the Construction Industry In Bahrain, by developing a dynamic 
specification model. The programme is being supervised by A. D. F. price and Professor 
Ronald Mccaffer in the department of civil and building engineering at Loughbouragh 
University In the United l(Ingdom. 
The objective of this questionnaire Is to Investigate and analyse the level of the present 
specification used In the construction Industry In Bahrain, and the second part of the 
questionnaire Is to measure the awareness, and Investigate the feasibility of 
Implementing total quality mqnagement to the construction Industry In Bahrain. 
I have kept the questionnaire as simple as possible to minimize the time required to 
complete It I would like to assi re you that any Information provided will be treated In 
the strictest confidence and Individual company responses Y411 not be Identified. 
I would be most grateful if you could spare a few minutes to complete the enclosed 
questionnaire and return it In the envelope provided. I would be pleased to send you a 
copy of the survey results after they have been analysed. 
Should you have any queries with respect to this questionnaire please do not hesitate 
to contact me on 530054 / 9603388. 
Thank you for your assistance with this survey. I look forward to hearing from you In 
due course. 
Yours Faithfully, 
J. A. AL- Sehali 
*rtvty0r.. aI : '. -L. 
A. 0 4Y I'V IY: t'. j . ,a 
P. 0. Box: 24747, Bahrain, Tel.: 630064, Fax: 534242 
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THIS QUESTIONAIRE FOR A PHD RESEARCH STUDENT AT 
LOUGHBOROUGH UNIVERSITY, U. K 
NAME- 
POSMON: 
PLACE OF WORK 
YEARS OF IDCPERIENCE: 
SECTION ONE: CONSTRUCTION SPECIFICATIONS 
1. DO YOU WRITE SPECIFICATION FOR EVERY JOB YOU DO? 
En YES 
C2 NO 
2. FOR NEW PROJECrS, DO YOU? 
WRITE NEW SPECIFICATION 
USE THE SAME OLD SPECIFICATION 
USE OLD SPECIFICATION AND CHANGE WHENEVER NEEDED 
3. DO YOU HAVE COMPUTERIZED SPECIFICATIONS? 
r7l YES 
E: l NO 
4. WHAT DO YOU THINK OF YOUR EMSTING SPECIFICATION? 
ED USEABLE FOR ALL MY JOBS 
CM NEED SOME MODIFICATIONS 
EM MUST BE IMPROVED 
364 
5. YOUR SPECIFICATION HAS A PROBLEM OF: 
(YOU CAN 77CK MORE THAN ONE) 
En REPETMON 
INCOMPLETE SPECIFICATION 
NOT PRECISE 
UNCLEAR 
CONFLICT IN CLAUSES 
NONE 
6. FOR THE CONTRACT CONDITIONS IN YOUR SPECIFICATION DO 
YOU USE? 
FIDIC (Federation International des Ingenieurs -Conseils) 
JCT (joint Contracts Tribunal -Standard Form of Building Contract) 
ICT (Institution of Civil Engineers Conditions of Contract) 
r7l OTHERS(SPECIFY 
7. YOUR SPECIFICATIONS SIZE IS BETWEEN 
In 10 - 50 PAGES 
ED 50 - 100 PAGES 
100-200 PAGES 
MORE 
365 
8. HOW LONG DOES IT TAKE YOU TO PREPARE YOUR 
SPECIFICATION? 
LESS THAN A WEEK 
LESS THAN A MONTH 
[: 1 TWO - THREE MONTHS 
IM MORE 
9. WHAT TYPE OF SPECIFICATION DO YOU USE? 
C3 DESCRIPTIVE SPECIFICATIONS 
(A Description of the properties of a product only) 
PERFORMANCE SPECIFICATIONS 
(The Result of the Product Rather than the Product itself) 
PROPRIETARY SPECIFICATIONS 
(Identification to product, manufacturer, brand name, model, type.. etc) 
OTHERS (SPECIFY 
10. HOW OFTEN DO YOU IMPROVE YOUR SPECIFICATIONS? 
m EVERY SIX MONTI-IS 
cl EVERY YEAR 
En EVERY TWO 
EVERY THREE YEARS 
MORE 
DONOTIMPROVE 
366 
11. DO YOU PREFER 
En MANUAL SPECIFICATIONS 
Cl COMPUTERIZED SPECIFICATIONS 
12. HOW DO YOU THINK WE CAN IMPROVE THE SPECIFICATION 
QUALITY: 
TO CONTACT CALL: 9603388 
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Section two: Total Quality Management 
1. HOW FAMILIAR ARE YOU VVITH THE TQM CONCEPI? 
FAMILIAR WnH IT AND IMPLEMENTED IT 
ED FAMILIAR WITH IT BUT NEVER IMPLEMENTED IT 
HEARD OF IT 
NEVER HEARD OF rr 
2. DID YOU PARTICIPATE IN TQM SEMINAR OR WORKSHOP? 
ED YES 
Cl NO 
3. DOES YOUR ORGANIZATION IMPLEMENT TQM? 
CO YES 
M NO 
DO YOU THINK THAT YOUR ORGANIZATION ENCOURAGES 
TEAMWORK? 
M ALWAYS 
ED MOSTLY 
[: ] RARELY 
IM NEVER 
5. DO YOU LIKE TO CONTRI13UTE IN TEAMWORK? 
El ALWAYS 
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En MOSTLY 
[: 1 RARELY 
12 NEVER 
6. DO YOU GEr ENOUGH INFORMATION TO DO YOUR JOB 
PROPERLY? 
M ALWAYS 
Em MOSTLY 
Cl RARELY 
M NEVER 
7. Do YOU OFl, EN PUT FORWARD VIEWS FOR IMPROVING YOUR 
WORK? 
ALWAYS 
In MOSTLY 
E: 3 RARELY 
12 NEVER 
8. DO YOUR SUPERIORS WELCOME YOUR VIEWS FOR 
IMPROVEMENT? 
E= ALWAYS 
71 MOSTLY 
M RARELY 
M NEVER 
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9. DO YOU THINK THAT YOUR ORGANIZATION ADOPTS SUFFICIENT 
SYST'EMS THAT ARE ABLE TO PROVIDE ITS CUMMERS WITH 
QUALITY SERVICES? 
M ALWAYS 
En MOSTLY 
C3 RARELY 
En NEVER 
10. DOES YOUR ORGANIZATION HAVE AN EFFEC"I'lVE 
MANAGEMENT INFORMATION SYSTEM FOR DECISION 
MAKING? 
Cl ALWAYS 
En MOSTLY 
Cl RARELY 
1: 1 NEVER 
11. IS THERE MANAGEMENT COMMITMENT TOWARDS TRAINING? 
C-0-1 ALWAYS 
En MOSTLY 
M RARELY 
IM NEVER 
12. ARE YOUR CONTRIBUTIONS AND ACCOMPLISHMENTS 
RECOGNIZED AND APPRECIATED BY YOUR SUPERIORS? 
M ALWAYS 
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1: 3 MOSTLY 
Cl RARELY 
r"l NEVER 
13. IS CUSTOMER SATISFACIION OF PRIMARY IMPORTANCE TO 
YOU? 
M ALWAYS 
En MOSTLY 
C2 RARELY 
1: 1 NEVER 
14. DOES YOUR ORGANIZATION TRY TO PERCEIVE AND RESPOND 
TO CUSTOMER INTEREST? 
EM ALWAYS 
M MOSTLY 
Cn RARELY 
Cl NEVER 
15. IS THE UNDERSTANDING OF CUSTOMER REQUIREMENTS 
CRUCIAL IN YOUR ORGANIZATION? 
Cl ALWAYS 
1= MOSTLY 
M RARELY 
M NEVER 
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16. IS CO-ORDINATION BErWEEN THE DIFFERENT DEPARTMENTS 
CLEAR AND EFFEC-nVE? 
M ALWAYS 
12 MOSTLY 
r"I RARELY 
C) NEVER 
17. DO YOU THINK THE COMMUNICATION SYSTEM IS EFFECTIVE 
IN YOUR ORGANIZATION? 
Cl ALWAYS 
Co MOSTLY 
Cl RARELY 
1: 1 NEVER 
18. ARE YOU PLEASED Vv= YOUR JOB CONDMONS? 
Cl ALWAYS 
12 MOSTLY 
CO RARELY 
CM NEVER 
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APPENDIX D 
Proposed dynamic model validation questionnaire 
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THE PROPOSED DYNAMIC 
MODEL VALIDATION QUESTIONAIRE 
1. Is the package easy to use? 
F--j Easier to use than other packages. 
F--j Similar to other packages. 
F-I Difficult to use. 
F-1 Don't know. 
What is the data production time? 
F--j Slow data production time. 
F--j Normal production time. 
[--j Fast production time. 
F7 Don't know. 
3. What is the cost of the package with regard to human resources and 
material use? 
r--j Cheaper to me than other packages with regard to human resources and 
material use. 
Normal to use than others with regard to human resorts and material use. 
Expensive to me than others with regard to human resorts and material 
use. 
F-1 Don't know. 
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4. How useful is the package to the Industry? 
Fý 
. 
Useful to the industry. 
F-'] Similar to other package in the market. 
71 Useless to the industry. 
F-1 Don't know. 
5. What Is the leaming time of the package? 
F7 Short time to learn. 
F--j Normal timing to learn. 
F--] Long time to learn. 
F--j Don't know. 
6. How well T. Q. M is Implemented In the package? 
F--j T. Q. M is well implemented. 
F-1 Nothing new. 
71 T. Q. M is not well implement. 
F--j Don't know. 
7. Will the package improve quality? 
Fý Will not improve quality. 
F-1 No change in quality. 
F-I Very much will improve quality. 
F-1 Don't know. 
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S. How well the package is documented? 
Not much documented 
No change in documentation. 
Well documented. 
F-1 Don't know. 
9. Is the software similar to other softwares? 
Yes. 
No. 
Which software. II 
[--ý Don't know. 
10. Does It Improve specification writing? 
F--j Yes. 
F7 No. 
[---I Don't know. 
11. How will the package reduce errors? 
F-I Will reduce errors. 
F7 No change. 
ED Will not reduce errors. 
r--ý Don't know. 
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12. Could the package be improved continuously? 
F--j Could be improved continuously. 
F-1 Limited improvement. 
F-1 Not possible to improve. 
r-7 Don't know. 
Name 
Company 
Position 
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APPENDDC E 
Case study drawings 
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Case study project 
The case study project comprised of a bedroom, a dressing area and a "bathroom". 
The area of the project is 36m2,6m wide by 6m long, and the height of the structure 
is 3.0m. the structure design of the project is done on a strip footing with load- 
bearing walls, pre-cast slabs for the roof, plastered and painted walls. 
The data in the drawings were used for the following activity works in the 
proposed dynamic model "PROMANSYS". 
* excavation works; 
" foundation works; 
" block works; 
" pre-cast slabs; 
" plastering works; 
" electrical works; 
" plumbing works; 
" painting works; 
" tile works; 
gypsum ceiling works; 
wooden works; and 
aluminumworks. 
These twelve activities are used to test the proposed dynamic model 
"PROMANSYS" with regard to specification writing; bill of quantities; project 
planning bar chart material planning chart; labour planr-dng chart, plant planning 
chart; cumulative budget chart for material, labours and plant S-curve chart, 
individual material, labours and plant budget graph. 
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SECTION FOR PROPOSED EXTENSION 
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ELECTRICAL FOR PROPOSED EXTENSION 
ELECTRICAL LEGEND 
CEILING MOUNTED LIGHT 
CEILING LIGHT WATERPROOF 
WALL LIGHT 
MIRROR LIGHT 
SWITCH POINT 
EXHAUST FAN 
13 AMP SOCKET WITH SWITCH 
T. V. ANTENNAE 
A/C UNIT SPLIT TYPE 
A/C SOCKET NTH SWITCH 
CEILING FAN 
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APPENDIX F 
Proposed dynamic model case study 
reports, charts, graphs printout 
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PROJECT NO. 123-4-2000 
PROJECT: JOHN SMITH EXTENSION 
SPECIFICATION LIST 
Item Code 
Heading 
Specirwations Contructor should excavate according to the level shown on the drawings and must allow fbr excavating in rock 
or any other type of soil or whatsoever nature encountered. Then grailing to make up level and filling with 
imported aproved materials, fillings must be made in layers of 200mm with each layer being compacted at least 
98% of rmvcimtun dry density prior to placing subsequent layer. 
Item Code 
Hexding 
Specifi. mflons All concrete uses in foundations works must be ready mix concrete with a compressive strength of 45 N/mm2, and 
should be tested with cube test from an approved lab. Sulphate resisting cernent should be used, nominal size of 
agregate is 20mrný and maximum water cement ratio shall be 0.45 and numimurn cement content to be 370 
kgtm3. Foundations muxt have a minimuffn concrete cover of 75 mm. All concrete works shall be vibrated using 
Item Code (. 114 
Heading 
sp-cir. ii. Concrete hollow blocks 200,150 or 100 nun thick as per drawing shall be having compressive strength 7N/mm2, 
fbr load bearring walls otherwise, 5N/mrn2 for fi-amed structures with sulphate resistant cement. The blocks shall 
be only fi-om approved supities and shall be tested at an approved laboratory. Cement and sand motor shall be 
mixed in the proportion 1: 3 mix. Block walls shall be built in stretcher bond. AM joints between blocks shall be 
Item Code 
A- 
Specifiscations fte-cast shi. 150 nun fbr thertypical floors and roof slabs, to be designed to carry the required floor and roof 
imposed loads as BS. 6399 part (1). The pre-cast slabs should be fi-orn an approved supplies. The design and 
calculations-to be Mee! TTA by the placin y__cmsultant prior Lo ing the pre-cast at site.. 
Item Code 
Heading 
specifications Al internal walls, columns and other areas except wash, kitchen and toilets to be finished in smooth to receive 
paint. Walls of wash, kitchen and toilets arm to be plastered but rough to receive tiies. Internal and external 
pastering shall be done with cement mortar 1: 3 one coat 15 mm thick. The mortar shall be prepared only in 
concrete mixer machine with approved cement plasticiser. The maximum horizontal and vertical tolerances for 
------ -1e t/-)3mm. 
Item Code 
SpecificatiOnS il cE4; 
ýeý-aWto 
comply with BS specifications and codes of practice. no cable with conductor smaller 
than 1.5 mm2 shall be used in the installation. Cables shall be colour coded lbr identification. Black shall be 
used for neutral only. GreenNellow shall be for the earth conductors and Red/Blue for phase conductors. Flexible 
cabl_es_used for lighting fittings shall be of250 V arade with sftwxls couper conductors. hi2h temnerature cableq 
Item Code i .ý 
Headiaz 
Specifications All hot and cold water pipe work shall be in half hard condition pvc pipes. Fittings shall be capillary type 
according to BS 964 part 2 in general. All hot water pipework to be concealed and exposed and shall be insulated 
with sectional fiberglass insulation. Provide ground water tank, and two water tanks at roof level made of 
fiberglass. all water supply and plumbing installation work in connection with the contract shall be executed in 
L: IiI - T111111] 
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PROJECT NO. 123-4-2000 
PROJECT: JOHN SNUTH EXTENSION 
SPECIFICATION LIST 
Heading 
Specifications All internal and external surfaces shall be painted with an aproved type of painted with an approved qpe of paint 
aplication of paint shall be in accordance witht the paint manufiKuuees instructions and specifications. All 
walls unless otherwise specified, shall receive one coat primer, one coat filler and two coats of the approved paint. 
Item Code 
Heading f 
Specirkations I All kiWh; 
ý 
ave ceramic tile finish. The height of the wall tiles shall extend 200mm above 
the false ceiling level. There shall be 4 single decorative design tiles fbr every bathroom and kitchen walls with a 
border tiles strip around the walls at a height of 900mm. The colour of the tile adhesive or mortar between the 
tiles must have a matching colour to the tile itself 
Iteln code 
Heading 
ilýeýllications Supply and fix of gypsurn board false ceiling using an approved method of fixing, all gypsum false ceiling shall 
receive one coal primer, filler, tape and two coon of emulsion paint, with a colour specified by the engineer. 
Item Code 
Specirkations 
Item Code 
specirwations 
Teak door of first quality, with da=ative moulding as peer the drawings and to the approval of the coms 
ýItanL 
All wooden doors, frames, door shutters and architravm shall be supWied. fixed and vainted bv the constnwtor. 
Aluminitan fi-amed windows shall be of Techmal, powder coated section. The colour shall be selected by the 
consultant All glass shall be 6mm thick "Spectrafloat", bronze tinted, reflective glass. All aluminium windows 
shall crwnnlv urith RqdR7'; 
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PROJECT NO. 1234-2000 
PROJECT : JOHN SMITH EXTENSION 
BILL OF OUA=IE 
ITEM SPEC HEADLINE I Area /1 Material Labour I Plant Total 
Quantity- j 
"Rate 
Rate__ Rate Cost 
Constructor should excavate according to the level shown on the drawings and must allow fbr 
excavating in rock or any other type of soil or whatsoever nature encountered. Then grading to 
make up level and filling with imported aproved materials, fillings must be made in layers of 
200mm with each layer being compacted at least 989/6 of maximum dry density prior to 
All concrete uses in foundations works must be ready mix concrete with a compressive 
strength of 45 N/mm2, and should be tested with cube test from an approved lab. Sulphate 
resisting cement should be used, nominal size of agrqgate is 20mm, and maximum water 
cement ratio shall be 0.45 and maximum cement content to be 370 kg/m3. Foundations 
muxt have a minimum concrete cover of 75 mm. All concrete works sMI be vibrated using 
oncrete hollow blocks 200,150 or 100 mm thick as per shal I be having ccýýsi; ý, 
strength 7N/mm2, for load bearring walls otherwise, 5N/mm2 fbr fiamed structures with I 
sulphate resistant cement. The blocks shall be only from approved supilies and shall be tested 
at an approved laboratory. Cement and sand motor shall be mixed in the proportion 1: 3 mix. 
Block walls shall be built in shvtcher bond- All joints between blocks shall be solidly filled 
Aý-ýt slabý I &6-mm for the typical floors and roof slabs, to be desiji; 4 to caff-y-t"tit7WdI 
floor and roof imposed loads as BS. 6399 part (1). The pre-cast slabs should be from an 
approved supplies. The design and calculations to be approved by the consultant prior to 
Al internal walls, columns and other areas except wash, kitchen and toilets to be finished-in- 
smooth to receive paint Walls of wash. kitchen and toilets areas to be plastered but rough to 
receive tiles. Internal and external pastering shall be done with cement mortar 1: 3 one coat 15 
nun thick- The mortar shall be prepared only in concrete mixer machine with approved 
cement plasticiser. The maximum horizmtal and vertical tolerances for plaster shall be 
All wires and cables are to comply with BS specifications and codes of practice. no cable wid 
conductor smaller than 1.5 rnm2 shall be used in the installation. Cables shall be colour 
coded for identification. Black shall be used fbr neutral only. Green/Yellow shall be for the 
earth conductors and Red/Blue for phase conductors. Flexible cables used fbr lighting fittings 
F 
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PROJECT NO. 123-4-2000 
PROJECT : JOHN SMITH EXTENSION 
ITEM I SPEC HEADLINE i Area Material Lubmur Plant Total 
Raft Rate I Cost 
All hot and cold water pipe work shall be in half hard condition pvc pipes. Fittings shall be 
capillary type according to BS 864 part 2 in general. All hot water pipework to be conceded 
:1 
and exposed and shall be insulated with sectional fiberglass insulation. Provide ground water'! 
tank, and two water tanks at roof level made of fiberglass. all water supply and plumbing 
installation work in connection with the contract shall be executed in strict accordance with 
British standards. 
I III II ITTTT1IJ TTIJIIII IiJII1] 
All internal and external surflices shall be painted with an aproved type of painted with an 
approved type of paint. The aplication of paint shall be in accordance witht the paint 
manufactruees instructions and specifications. All walls unless otherwise specified, shall 
All kitchens and bathrooms, shall have ceramic tile finish. The height afthe wall tiles shall 
extend 200mm above the false ceiling level. 'Mere shall be 4 single decorative design tiles fbr 
every bathroom and kitchen walls with a border tiles strip around the walls at a height of 
900mm. The cotmw ofthe tile adhesive or mortar betwem the tiles must have a matching 
colour to the tile itself. 
Supply and fix of gypsum board false ceiling using an approved method offixing, all gypsum 
false ceiling shall receive one coat primer, filler, tape and two coats of emulsion paint, with a 
colour specified by the engine". 
-- 
--------. j 
Teak door of first quality, with decorative moulding as peer the drawings and to the approval 
of the consultant. All wooden doom, fiarnes, door shutters and architraves. shall be suppliedý 
LI I TTTIiiiTTiTTiTT TTTTI1iJIJIT 
Aluminium framed windows shall be of Technal, powder coated section. The colour shall be 
selected by the consultant All glass shall be 6nun thick "Spectrafloat", bronze tinted, 
Sam of Teftl Cost 3,432.95 
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